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(57)Abstract: 

PROBLEM TO BE SOLVED: To accurately detect the 
residual amount of ink without requiring a complicated 
seal structure caused by the attachment of a detection 
electrode. 

SOLUTION: A piezoelectric device is provided to a 
liquid container to detect the consumption state of the 
liquid in the liquid container and has a vibration part 
generating vibration by the deformation of a 
piezoelectric element. The vibration part has a shape 
symmetric with respect to the center of the vibration part. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the piezoelectric device characterized by equipping a liquid container, and being 
the piezoelectric device which detects the consumption condition of the liquid in this liquid 
container, for said piezoelectric device having the oscillating section which vibration generates 
according to deformation of a piezo electric crystal component, and this oscillating section 
having a symmetrical configuration to the core. 

[Claim 2] The piezoelectric device according to claim 1 characterized by said oscillating section 
of said piezoelectric device having an almost circular configuration. 

[Claim 3] The up electrode with which said piezoelectric device was formed in the top face of a 
piezo-electric layer and this piezo-electric layer, the lower electrode prepared in the inferior 
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surface of tongue of said piezo-electric layer, And it is the piezoelectric device according to 
claim 1 or 2 which a top face touches said lower electrode, and at the bottom [ a part of ] is 
equipped with the diaphragm in contact with said liquid in said liquid container, and is 
characterized by said oscillating section containing some of said piezo-electric layer, said up 
electrodes, said lower electrodes, and said each diaphragms [ at least ]. 

[Claim 4] The piezoelectric device according to claim 3 with which each principal piece of said 
piezo-electric layer, said up electrode, and said lower electrode is characterized by being said 
oscillating section and the configuration where a concentric circle is almost circular. 
[Claim 5] Said piezoelectric device is a piezoelectric device according to claim 3 characterized 
by having a cavity in contact with said liquid in the location where a top face touches said 
inferior-surface-of-tongue side in contact with said liquid of said diaphragm, an inferior surface 
of tongue is further equipped with the substrate in contact with said liquid in said liquid 
container, and said substrate faces said oscillating section. 

[Claim 6] The piezoelectric device according to claim 5 with which said cavity is characterized 
by said oscillating section and being the circle configuration of a concentric circle mostly. 
[Claim 7] The piezoelectric device according to claim 5 with which deformation of said 
diaphragm by said residual vibration is characterized by being larger than deformation of said 
substrate. 

[Claim 8] The piezoelectric device according to claim 5 with which the knot of vibration of said 
oscillating section is characterized by being located near the periphery section of said cavity. 
[Claim 9] Said piezoelectric device is a piezoelectric device according to claim 3 with which a 
top face touches said inferior-surface-of-tongue side in contact with said liquid of said 
diaphragm, it has further the attachment member an inferior surface of tongue turns [ member ] 
to the inside of said liquid container, and said attachment member is characterized by having 
opening in the core of said oscillating section. 

[Claim 10] The piezoelectric device according to claim 1 characterized by said piezoelectric 
device detecting the consumption condition of the liquid in said liquid container by detecting 
change of the acoustic impedance near [ said ] the oscillating section. 

[Claim 11] The piezoelectric device according to claim 10 characterized by detecting change of 
said acoustic impedance based on back EMF which said piezoelectric device generates by the 
residual vibration which remains in said oscillating section, and detecting the consumption 
condition of the liquid in said liquid container. 

[Claim 12] The piezoelectric device according to claim 1 by which this oscillating section is 
generating- vibration to which single peak appears in resonance mode of low degree in resonance 

mode of vibration characterized. 

[Claim 13] The liquid container characterized by being equipped with a piezoelectric device 
according to claim 1 to 12. 

[Claim 14] The module object characterized by having the attachment structure united with the 
piezoelectric device according to claim 1 to 12 and said piezoelectric device for attaching said 

piezoelectric device in said liquid container. 

[Claim 15] The module object according to claim 14 characterized by having arranged the core 
of said oscillating section on the center line of said overhang section including the overhang 
section which said attachment structure juts out inside said liquid container. 
[Claim 16] The module object according to claim 15 with which said overhang section is 
characterized by being a cylindrical shape. 

[Claim 17] The module object according to claim 16 characterized by having further the terminal 
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electrically connected with said up electrode of said piezoelectric device, and said lower 
electrode. 

[Claim 18] The liquid container characterized by being equipped with a module object according 
to claim 14 to 17. 

[Claim 19] The ink cartridge characterized by holding the ink suppUed to an ink jet recording 
apparatus in a liquid container according to claim 13 or 18. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is detecting change of an acoustic impedance, and relates 
to the liquid container with which it had the piezoelectric device (actuator) for detecting the 
consumption condition of the liquid in the liquid container which holds liquids, such as ink, by 
detecting change of resonance frequency also especially in it. In more detail, the ink of a pressure 
generating room is made equivalent to print data with a pressure generating means, and it 
pressurizes, and is related with the piezoelectric device suitable for the Inkjet recording 
apparatus which is made to breathe out an ink droplet and is printed from a nozzle orifice, a 
module object, a Uquid container, and an ink cartridge. 
[0002] 

[Description of the Prior Art] An ink jet recording device carries the ink jet recording head 
equipped with a pressure generating means to pressurize a pressure generating room, and the 
nozzle orifice which carries out the regurgitation of the pressurized ink as an ink droplet fi-om a 
nozzle orifice in carriage. The ink jet recording device is constituted possible [ continuation of 
printing ], supplying the ink of an ink tank to a recording head through passage. When ink is 
consumed, the ink tank is constituted as a removable cartridge so that a user can exchange easily. 
[0003] Conventionally, there is a method of managing the time of specified quantity 
consumption of the ink actually being carried out etc. the approach of software integrating the 
amount of ink attracted by the number of regurgitation of the ink droplet in a recording head, or 
maintenance as a management method of ink consumption of an ink cartridge, and managing ink 
consumption by count, and by attaching the electrode for oil-level detection in an ink cartridge. 
[0004] However, the approach of software integrating the number of regurgitation and the 
amount of ink of an ink droplet, and managing ink consumption on count has the problem that an 
error arises according to the printing gestalt in a user side etc., and gross errors arise at the time 
of re-wearing of the same cartridge. Moreover, there was also a problem that the error which the 
pressure in an ink cartridge and the viscosity of ink change with the elapsed time after opening of 
height with a going too far room temperature or an ink cartridge etc., and cannot be disregarded 
between the ink consumption on count and actual consumption will arise by the operating 
environment. Since the method of on the other hand managing the time of ink being consumed 
with an electrode can detect the amount of real of ink, it can manage an ink residue with high 
dependability. However, since it depends for detection of the oil level of ink on the conductivity 
of ink, the class of detectable ink is limited and there is a problem which the seal structure of an 
electrode complicates. Moreover, since noble metals good [ usually ] conductivity and high were 
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used as an ingredient of an electrode, there were corrosion resistance and a problem that the 
manufacturing cost of an ink cartridge increased. Furthermore, since it was necessary to equip 
with two electrodes, the production process increased and there was also a problem that a 
manufacturing cost will increase as a result. 
[0005] 

[Problem(s) to be Solved by the Invention] Then, this invention aims at offering the piezoelectric 
device and module object which can solve the above-mentioned technical problem, which could 
detect the ink residue correctly and made complicated seal structure unnecessary and with which 
a liquid container is equipped. This purpose is attained by the combination of the description 
given in the independent term in a claim. Moreover, a subordination term specifies the fiirther 
advantageous example of this invention. 
[0006] 

[Means for Solving the Problem] That is, a liquid container is equipped with the piezoelectric 

device in the 1st gestalt of this invention, it is the piezoelectric device which detects the 
consumption condition of the liquid in a liquid container, said piezoelectric device has the 
oscillating section which vibration generates according to deformation of a piezo electric crystal 
component, and, as for the oscillating section, it is desirable to have a symmetrical configuration 
to the core. 

[0007] Moreover, as for the oscillating section of a piezoelectric device, it is desirable to have an 
almost circular configuration. Furthermore, the up electrode prepared in the top face of a piezo- 
electric layer and a piezo-clcctric layer, the lower electrode prepared in the inferior surface of 
tongue of a piczo-clcctric layer, and a top face touch a lower electrode, a piezoelectric device is 
equipped with the diaphragm with which at the bottom [ a part of] contacts the Hquid in a Hquid 
container, and, as for the oscillating section, it is desirable that some of a piezo-electric layer, up 
electrodes, lower electrodes, and each diaphragms [ at least ] are included. Furthermore, it is 
desirable that each principal piece of a piezo-electric layer, an up electrode, and a lower 
electrode is the oscillating section and the configuration where a concentric circle is almost 
circular. 

[0008] Moreover, as for a piezoelectric device, it is desirable to have a cavity in contact with a 
liquid in the location where a top face touches the inferior-surface-of-tongue side in contact with 
the liquid of a diaphragm, an inferior surface of tongue is further equipped with the substrate in 
contact with the liquid in a liquid container, and a substrate faces the oscillating section. As for a 
cavity, it is desirable the oscillating section and that it is the circle configuration of a concentric 
circle mostly. Moreover, it is desirable that deformation of the diaphragm by residual vibration is 
larger than deformation of a substrate. The knot of vibration of the oscillating section may be 
located near the periphery section of a cavity. As for a piezoelectric device, it is desirable that a 
top face touches the inferior-surface-of-tongue side in contact with the liquid of a diaphragm, 
have further the attachment member an inferior surface of tongue turns [ member ] to the inside 
of a liquid container, and an attachment member has opening in the core of the oscillating 
section. Furthermore, it is desirable that it is the liquid container with which it was equipped with 
the above-mentioned piezoelectric device. 

[0009] As for the module object in the 2nd gestalt of this invention, it is desirable to have the 
attachment structure united with the above-mentioned piezoelectric device and the piezoelectric 
device for attaching a piezoelectric device in a liquid container. 

[0010] The core of the oscillating section may be arranged on the center line of the overhang 
section including the overhang section which the attachment structure juts out inside a liquid 
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container. Furthermore, the overhang section may be a cylindrical shape. You may have further 
the terminal which gives a driving signal to the up electrode and lower electrode of a 
piezoelectric device. Moreover, it is desirable that it is the liquid container with which it was 
equipped with the above-mentioned module object. Moreover, you may be the ink cartridge 
which holds the ink supplied to an Inkjet recording apparatus in the above-mentioned liquid 
container. 

[001 1] In addition, the outline of the above-mentioned invention is not what enumerated all the 
required descriptions of this invention, and the subcombination of these characterizing group can 
also be invented. 
[0012] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail through the 
gestalt of implementation of invention. Not all the combination of the description of the 
following operation gestalten that do not limit invention concerning a claim and are explained in 
the operation gestalt is necessarily indispensable for the solution means of invention. 
[0013] The underlying concept of this invention is using an oscillating phenomenon, and is 
detecting the condition (the existence of the liquid in a liquid container, the amount of a liquid, 
the water level of a liquid, the class of liquid, and the presentation of a hquid being included) of 
the hquid in a liquid container. Some approaches can be considered as detection of the condition 
of the liquid in the liquid container using a concrete oscillating phenomenon. For example, an 
elastic wave generating means generates an elastic wave to the interior of a liquid container, and 
there is a method of detecting the medium in a liquid container and change of the condition by 
receiving the reflected wave reflected with an oil level or the wall which counters. Moreover, 
there is also the approach of detecting change of an acoustic impedance apart from this from the 
oscillation characteristic of the vibrating body. As an approach of using change of an acoustic 
impedance By vibrating the oscillating section of the piezoelectric device or actuator which has a 
piezoelectric device, and measuring back EMF produced by the residual vibration which remains 
in the oscillating section after that The approach of detecting change of an acoustic impedance 
by detecting resonance frequency or the back EMF wave amplitude, The impedance 
characteristic or admittance property of a liquid is measured with impedance analyzers, such as a 
measurement machine, for example, a propagation circuit etc., and there is the approach of 
measuring change by the frequency of the current value when giving a current value, an 
electrical-potential-difference value change, or vibration to a liquid or an electrical-potential- 
difference value. Hereafter, the detail of the principle of operation of a piezoelectric device or an 
actuator is explained. 

[0014] Drawing 1 and drawing 2 show the detail and equal circuit of an actuator 106 which are 1 
operation gestalt of a piezoelectric device. An actuator here is used for the approach of detecting 
change of an acoustic impedance at least and detecting the consumption condition of the liquid in 
a liquid container. It is used for the approach of detecting change of an acoustic impedance at 
least and detecting the consumption condition of the liquid in a liquid container because 
resonance frequency detects by residual vibration especially. Drawing 1 (A) is the expansion top 
view of an actuator 106. Drawing 1 (B) shows the B-B cross section of an actuator 106. Drawing 
1 (C) shows the C-C cross section of an actuator 106. Furthermore, drawing 2 (A) and drawing 2 
(B) show the equal circuit of an actuator 106. Moreover, drawing 2 (C) and drawing 2 (D) show 
the circumference containing the actuator 106 when ink is filled in the ink cartridge, respectively, 
and its equal circuit, and drawing 2 (E) and drawing 2 (F) show the circumference containing the 
actuator 106 in case there is no ink into an ink cartridge, respectively, and its equal circuit. 
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[0015] The substrate 178 with which an actuator 106 has the opening 161 of a circle 
configuration in the center mostly, The diaphragm 176 arranged in one field (henceforth a front 
face) of a substrate 178 so that opening 161 may be covered, The piezo-electric layer 160 
arranged at the front-face side of a diaphragm 176, and the up electrode 164 and the lower 
electrode 166 which inserts the piezo-electric layer 160 from both. It has the auxiliary electrode 
172 which is arranged between the up electrode terminal 168 electrically combined with the up 
electrode 164, the lower electrode terminal 170 electrically combined with the lower electrode 
166, and the up electrode 164 and the up electrode terminal 168, and combines both electrically. 
The piezo-electric layer 160, the up electrode 164, and the lower electrode 166 have a circular 
part as each principal part. Each circular part of the piezo-electric layer 160, the up electrode 
164, and the lower electrode 166 forms a piezoelectric device. 

[0016] A diaphragm 176 is formed in the front face of a substrate 178 so that opening 161 may 
be covered. A cavity 162 is formed of the opening 161 of a diaphragm 176, the facing part, and 
the opening 161 of the front face of a substrate 178. With the piezoelectric device of a substrate 
178, the field (henceforth a rear face) of the opposite side faces the liquid-container side, and the 
cavity 162 is constituted so that a liquid may be contacted, even if a liquid enters in a cavity 162, 
a liquid does not leak to the front-face side of a substrate 178 ~ as ~ a diaphragm 176 ~ a 
substrate 178 ~ receiving ~ liquid ~ it is attached densely. 

[0017] The front face of a diaphragm 176, i.e., a liquid container, is located in the field of the 
opposite side, and the lower electrode 166 is attached so that the core of a circular part and the 
core of opening 161 which are the principal part of the lower electrode 166 may be mostly in 
agreement. In addition, it is set up so that the area of the circular part of the lower electrode 166 
may become smaller than the area of opening 161. On the other hand, the piezo-electric layer 
160 is formed in the front-face side of the lower electrode 166 so that the core of the circular part 
and the core of opening 161 may be mostly in agreement. The area of the circular part of the 
piezo-electric layer 160 is set up so that it may become larger than the area of the circular part of 
the lower electrode 166 smaller than the area of opening 161 . 

[00 1 8] On the other hand, it is formed in the front-face side of the piezo-electric layer 160 so that 
the core of a circular part and the core of opening 161 that the up electrode 164 is the principal 
part may be mostly in agreement. The area of the circular part of the up electrode 164 is set up so 
that it may become larger than the area of the circular part of the lower electrode 166 smaller 
than the area of the circular parts of opening 161 and the piezo-electric layer 160. 
[0019] Therefore, the principal part of the piezo-electric layer 160 has structure inserted and 
crowded from a front-face and rear-face side, respectively by the principal part of the up 
electrode 164, and the principal part of the lower electrode 166, and can carry out the 
deformation drive of the piezo-electric layer 160 effectively. The circular part which is each 
principal part of the piezo-electric layer 160, the up electrode 164, and the lower electrode 166 
forms the piezoelectric device in an actuator 106. The piezoelectric device is in contact with the 
diaphragm 176 as mentioned above. Moreover, opening 161 has the largest area among the 
circular parts of the circular parts of the circular part of the up electrode 164, and the piezo- 
electric layer 160, and the lower electrode 166, and opening 161. The oscillating field which 
actually vibrates among diaphragms 176 according to this structure is determined by opening 
161. Moreover, since the circular parts of the circular part of the up electrode 164 and the piezo- 
electric layer 160 and the circular part of the lower electrode 166 have an area smaller than 
opening 161, a diaphragm 176 becomes easier to vibrate. Furthermore, the circular part of the 
lower electrode 166 is smaller among the circular part of the lower electrode 166 electrically 
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connected with the piezo-electric layer 160, and the circular part of the up electrode 164. 
Therefore, the circular part of the lower terminal 166 determines the part which generates the 
piezo-electric effect among the piezo-electric layers 160. 

[0020] Therefore, the principal part of the piezo-electric layer 160 has structure inserted and 
crowded from a front-face and rear-face side, respectively by the principal part of the up 
electrode 164, and the principal part of the lower electrode 166, and can carry out the 
deformation drive of the piezo-electric layer 160 effectively. The circular part which is each 
principal part of the piezo-electric layer 160, the up electrode 164, and the lower electrode 166 
forms the piezoelectric device in an actuator 106. The piezoelectric device is in contact with the 
diaphragm 176 as mentioned above. Moreover, opening 161 has the largest area among the 
circular parts of the circular parts of the circular part of the up electrode 164, and the piezo- 
electric layer 160, and the lower electrode 166, and opening 161. The oscillating field which 
actually vibrates among diaphragms 176 according to this structure is determined by opening 
161 . Moreover, since the circular parts of the circular part of the up electrode 164 and the piezo- 
electric layer 160 and the circular part of the lower electrode 166 have an area smaller than 
opening 161, a diaphragm 176 becomes easier to vibrate. Furthermore, the circular part of the 
lower electrode 166 is smaller among the circular part of the lower electrode 166 electrically 
connected with the piezo-electric layer 160, and the circular part of the up electrode 164. 
Therefore, the circular part of the lower terminal 166 determines the part which generates the 
piezo-electric effect among the piezo-electric layers 160. 

[0021] The core of the circular parts of the piezo-electric layer 160 which forms a piezoelectric 
device, the up electrode 164, and the lower electrode 166 corresponds with the core of opening 
161 mostly, moreover, the core of the opening 161 of a circle configuration of determining the 
vibrating part of a diaphragm 176 ~ an actuator 106 ~ it is mostly prepared in the core. 
Therefore, the core of the oscillating section of an actuator 106 is mostly in agreement with the 
core of an actuator. Furthermore, since the principal piece of a piezoelectric device and the 
vibrating part of a diaphragm 176 have a circular configuration, the oscillating section of an 
actuator 106 is a symmetrical configuration to the core of an actuator 106. 
[0022] Since the oscillating section is a symmetrical configuration, it can be prevented from 
exciting an unnecessary vibration produced from the asymmetry of structure to the core of an 
actuator 106. Therefore, the detection precision of resonance frequency improves. Furthermore, 
to an actuator core, since the oscillating section is a symmetrical configuration, it is easy to 
manufacture it and it can make small dispersion in the configuration for every piezoelectric 
device. Therefore, dispersion in the resonance frequency for every piezoelectric device becomes 
small. Moreover, since the oscillating section is an isotropic configuration, it is hard to be 
influenced of dispersion in immobilization in the case of adhesion. A liquid container is pasted 
equally. Therefore, the mounting nature to the liquid container of an actuator 106 is good. 
[0023] Furthermore, since the vibrating part of a diaphragm 176 has a circular configuration, in 
the resonance mode of the residual vibration of the piezo-electric layer 160, the resonance mode 
of a low degree, for example, primary, becomes dominant, and a single peak appears. Therefore, 
since a peak and a noise are clearly distinguishable, resonance frequency is clearly detectable. 
Moreover, by enlarging area of the vibrating part of the diaphragm 176 of a circular 
configuration, the difference of the back EMF wave amplitude and the amplitude of the 
resonance frequency by the existence of a liquid becomes large, and can improve the precision of 
detection of resonance frequency fiirther. 

[0024] The variation rate by vibration of a diaphragm 176 is farther [ than the variation rate by 
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vibration of a substrate 178 ] large. Compliance is small, namely, an actuator 106 has the two- 
layer structure of the substrate 178 which is hard to displace by vibration, and the diaphragm 176 
which compliance is large, namely, is easy to displace by vibration. According to this two-layer 
structure, since the variation rate of the diaphragm 176 by vibration can be enlarged certainly 
being fixed to a liquid container by the substrate 178, the difference of the back EMF wave 
amplitude and the amplitude of the resonance frequency by the existence of a liquid becomes 
large, and the precision of detection of resonance frequency can be improved. Furthermore, since 
the compliance of a diaphragm 176 is large, attenuation of vibration becomes small and the 
precision of detection of resonance frequency can be improved. Moreover, the knot of vibration 
of an actuator 106 is located near the edge of the periphery section 161 of a cavity 162, i.e., 
opening. 

[0025] The up elecfrode terminal 168 is formed in the front-face side of a diaphragm 176 so that 
it may connect with the up elecfrode 164 electrically through an auxiliary elecfrode 172. On the 
other hand, the lower electrode terminal 170 is formed in the front-face side of a diaphragm 176 
so that it may connect with the lower elecfrode 166 electrically. Since the up electrode 164 is 
formed in the front-face side of the piezo-electric layer 160, it needs to have a level difference 
equal to the sum of the thickness of the piezo-electric layer 160, and the thickness of the lower 
electrode 166 while connecting with the up electrode terminal 168. The connection condition of 
the up electrode 164 and the up elecfrode terminal 168 becomes weak, and forming this level 
difference only with the up elecfrode 164 has risk of cutting, even if it is difficuh and possible in 
a loan. Then, the up elecfrode 164 and the up elecfrode terminal 168 are connected, using an 
auxiliary electrode 172 as an auxiliary member. It becomes possible for the piezo-electric layer 
160 and the up electrode 164 to serve as structure supported by the auxihary electrode 172, and 
to be able to obtain a desired mechanical strength, and to ensure connection between the up 
elecfrode 164 and the up elecfrode terminal 168 by doing in this way. 

[0026] In addition, the oscillating field which faces a piezoelectric device and the piezoelectric 
device of the diaphragms 176 is the oscillating section which actually vibrates in an actuator 106. 
Moreover, as for the member contained in an actuator 106, being formed in one is desirable by 
being calcinated mutually. By forming an actuator 106 in one, the handling of an actuator 106 
becomes easy. Furthermore, an oscillation characteristic improves by raising the reinforcement 
of a substrate 178. That is, by raising the reinforcement of a substrate 178, only the oscillating 
section of an actuator 106 vibrates and any parts other than the oscillating section do not vibrate 
among actuators 106. Moreover, in order for any parts other than the oscillating section of an 
actuator 106 not to vibrate, it can attain by making the piezoelectric device of an actuator 106 
thinly and small, and making a diaphragm 176 thin to raising the reinforcement of a substrate 
178. 

[0027] It is desirable to use the lead loess piezoelectric film which does not use PZT (PZT), the 
PZT lanthanum (PLZT), or lead as an ingredient of the piezo-electric layer 160, and it is 
desirable to use a zirconia or an alumina as an ingredient of a subsfrate 178. Moreover, it is 

desirable to use the same ingredient as a subsfrate 178 for a diaphragm 176. Metals, such as the 
ingredient which has conductivity, for example, gold, silver, copper, platinum, aluminum, and 
nickel, can be used for the up electrode 164, the lower electrode 166, the up electrode terminal 
168, and the lower electrode terminal 170. 

[0028] The actuator 106 constituted as mentioned above is applicable to the container which 
holds a liquid. For example, the container which held the penefrant remover for washing the ink 
cartridge and ink tank which are used for an Inkjet recording apparatus, or a recording head can 
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be equipped. 

[0029] The predetermined location of a liquid container is equipped with the actuator 106 shown 
in drawing 1 and drawing 2 so that the liquid held in a liquid container in a cavity 162 may be 
contacted. When the liquid is fully held in the liquid container, the inside of a cavity 162 and its 
outside are filled by the liquid. On the other hand, if the liquid of a liquid container is consumed 
and an oil level descends below to the stowed position of an actuator, a liquid does not exist in a 
cavity 162, or a liquid remains only in a cavity 162, and it will be in the condition that a gas 
exists on the outside. An actuator 106 detects the difference of an acoustic impedance as it is [ 
originating in change of this condition, and ] few. By it, an actuator 106 can detect whether it is 
in the condition that the liquid is fiilly held in the liquid container, or it is in the condition that a 
certain liquid more than fixed was consumed. Furthermore, an actuator 106 can also detect the 
class of liquid in a liquid container. 

[0030] Here explains the principle of the oil-level detection by the actuator. 
[0031] In order to detect change of the acoustic impedance of a medium, the impedance 
characteristic or admittance property of a medium is measured. A propagation circuit can be used 
when measuring an impedance characteristic or an admittance property. A propagation circuit 
impresses a fixed electrical potential difference to a medium, and measures the current which 
changes a frequency and flows to a medium. Or a propagation circuit supplies a fixed current to a 
medium, and measures the electrical potential difference which changes a frequency and is 
impressed to a medium. The current value or electrical-potential-difference value change 
measured by the propagation circuit shows change of an acoustic impedance. Moreover, change 
of the frequency fm from which a current value or an electrical-potential-difference value serves 
as the maximum or the minimum also shows change of an acoustic impedance. 
[0032] Apart from the above-mentioned approach, an actuator can detect change of the acoustic 
impedance of a liquid using change of only resonance frequency. A piezoelectric device can be 
used, when using the approach of detecting resonance frequency by measuring back EMF 
produced by the residual vibration which remains in the oscillating section, as an approach of 
using change of the acoustic impedance of a liquid after the oscillating section of an actuator 
vibrates. A piezoelectric device is a component which generates back EMF by the residual 
vibration which remains in the oscillating section of an actuator, and the magnitude of back EMF 
changes with the amplitude of the oscillating section of an actuator. Therefore, it is easy to carry 
out detection, so that the amplitude of the oscillating section of an actuator is large. Moreover, 
the period from which the magnitude of back EMF changes with the frequencies of the residual 
vibration in the oscillating section of an actuator changes. Therefore, the frequency of the 
oscillating section of an actuator is equivalent to the frequency of back EMF. Here, resonance 
frequency says the frequency in the resonance state with the medium which touches the 
oscillating section and the oscillating section of an actuator. 

[0033] In order to obtain resonance frequency fs, the Fourier transform of the wave acquired by 
the back EMF measurement in case the oscillating section and a medium are the resonance state 
is carried out. Since vibration of an actuator is accompanied not by deformation of only an one 
direction but by various deformation, such as a deflection and expanding, it has various 
frequencies including resonance frequency fs. Therefore, the Fourier transform of the wave of 
back EMF in case a piezoelectric device and a medium are the resonance state is carried out, and 
resonance frequency fs is judged by specifying the most dominant frequency component. 
[0034] The admittance of a medium of a frequency fhti is a frequency in case the maximum or an 
impedance is the minimum. If it is resonance frequency fs, a frequency frn will produce few 
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errors to resonance frequency fs by dielectric loss or a mechanical loss of a medium etc. 
However, since time and effort is taken, generally deriving resonance frequency fs from the 
frequency fm surveyed replaces with and uses a frequency fm for resonance frequency. Here, an 
actuator 106 can detect an acoustic impedance at least in inputting the output of an actuator 106 
into a propagation circuit. 

[0035] It is proved to be the approach of measuring resonance frequency fs by experiment by 
measuring the approach of measuring the impedance characteristic or admittance property of a 
medium, and measuring a frequency fm, and back EMF produced by residual vibration vibration 
in the oscillating section of an actuator that there is almost no difference in the resonance 
frequency specified as be alike. 

[0036] The oscillating field of an actuator 106 is a part which constitutes the cavity 162 
determined by opening 161 among diaphragms 176. When the liquid is fully held in the liquid 
container, in a cavity 162, a liquid is filled and an oscillating field contacts the liquid in a liquid 
container. On the other hand, when there is no enough liquid into a liquid container, an 
oscillating field does not contact a liquid in contact with the liquid which remained in the cavity 
in a liquid container, but contacts a gas or a vacuum. 

[0037] A cavity 162 is formed in the actuator 106 of this invention, and it can design so that the 
liquid in a liquid container may remain in the oscillating field of an actuator 106 by it. The 
reason is as follows. 

[0038] Although there is an oil level of the liquid in a liquid container caudad depending on [ 
stowed position / of an actuator ] whenever [ installation location / to the liquid container of an 
actuator /, or setting-angle ], a liquid may adhere to the oscillating field of an actuator. When the 
actuator has detected the existence of a liquid only by the existence of the liquid in an oscillating 
field, the liquid adhering to the oscillating field of an actuator bars exact detection of the 
existence of a liquid, for example, the time of the condition that there is an oil level caudad rather 
than the stowed position of an actuator ~ both-way migration of carriage etc. ~ a liquid container 
~ rocking — a liquid ~ a wave — inside, if a drop adheres to an oscillating field, an actuator will 
make a judgment which if liquids of enough arc in a liquid container mistook. Then, malfunction 
of an actuator can be prevented, even if it is the case where a liquid is remained conversely there 
and an oil level is [ a liquid container rocks and ] choppy by preparing positively the cavity 
designed so that the existence of a liquid might be detected correctly. Thus, malfunction can be 
prevented by using the actuator which has a cavity. 

[0039] Moreover, as shown in drawing 2 (E), there is no liquid into a liquid container and let the 
case where the liquid in a liquid container remains in the cavity 162 of an actuator 106 be the 
threshold of the existence of a liquid. That is, there is no liquid around a cavity 162 and it judges 
that he has no ink when there are few liquids in a cavity than this threshold, a liquid is around a 
cavity 162, and when there are more liquids than this threshold, it is judged as those with ink. 
For example, when the side attachment wall of a liquid container is equipped with an actuator 
106, the case where the liquid in a liquid container is below the stowed position of an actuator is 
judged to have no ink, and the case where the liquid in a liquid container is above the stowed 
position of an actuator is judged to be those with ink. Thus, even if it is a time of the ink in a 
cavity drying and ink being lost by setting up a threshold, it judges that he has no ink, and since a 
threshold is not exceeded even if ink adheres to a cavity again in the shake of carriage etc. at the 
place whose ink in a cavity was lost, it can be judged that he has no ink. 
[0040] Here, the actuation and the principle which detect the condition of the liquid in a liquid 
container fi-om the resonance frequency of the medium and the oscillating section of an actuator 
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106 by measurement of back EMF are explained, referring to drawing 1 and drawing 2 . In an 
actuator 106, an electrical potential difference is impressed to the up electrode 164 and the lower 
electrode 166 through the up electrode terminal 168 and the lower electrode terminal 170, 
respectively. Electric field arise into the part pinched by the up electrode 164 and the lower 
electrode 166 among the piezo-electric layers 160. The piezo-electric layer 160 deforms by the 
electric field. When the piezo-electric layer 160 deforms, the oscillating field of the diaphragms 
176 oscillates flexurally. After the piezo-electric layer 160 deforms, flexural oscillation remains 
in the oscillating section of an actuator 106 for the time being. 

[0041] Residual vibration is the free vibration of the oscillating section of an actuator 106, and a 
medium. Therefore, by making into pulse shape or a square wave the electrical potential 
difference impressed to the piezo-electric layer 160, after impressing an electrical potential 
difference, the resonance state of the oscillating section and a medium can be acquired easily. 
Residual vibration also deforms the piezo-electric layer 160 in order to vibrate the oscillating 
section of an actuator 106. Therefore, the piezo-electric layer 160 generates back EMF. The back 
EMF is detected through the up electrode 164, the lower electrode 166, the up electrode terminal 
168, and the lower electrode terminal 170. Since resonance frequency can be specified, the 
condition of the liquid in a liquid container is detectable with detected back EMF. 
[0042] Generally, it is resonance frequency fs. fs=l/(2*pi*(M*Cact) 1/2) (formula 1) 
It is come out and expressed. Here, M is the sum of the inertance Mact of the oscillating section, 
and addition inertance M'. Cact is the compliance of the oscillating section. 
[0043] Dravving 1 (C) is the sectional view of the actuator 106 when ink does not remain in a 
cavity in this example. Drawing 2 (A) and drawing 2 (B) are the oscillating section of the 
actuator 106 when ink docs not remain in a cavity, and the equal circuit of a cavity 162. 
[0044] Mact should ** the product of the thickness of the oscillating section, and the consistency 
of the oscillating section in the area of the oscillating section, and should show it further to a 
detail at drawing 2 (A). Mact=Mpzt+Melectrodel+Melectrode2+Mvib (formula 2) 
It is expressed. Here, Mpzt ** the product of the thickness of the piezo-electric layer 160 and the 
consistency of the piezo-electric layer 160 in the oscillating section in the area of the piezo- 
electric layer 160. Melectrodel ** the product of the thickness of the up electrode 164 and the 
consistency of the up electrode 164 in the oscillating section in the area of the up electrode 164. 
Melectrode2 ** the product of the thickness of the lower electrode 166 and the consistency of the 
lower electrode 166 in the oscillating section in the area of the lower electrode 166. Mvib ** the 
product of the thickness of a diaphragm 176 and the consistency of a diaphragm 176 in the 
oscillating section in the area of the oscillating field of a diaphragm 176. However, in this 
example, although each area of the oscillating field of the piezo-electric layer 160, the up 
electrode 164, the lower electrode 166, and a diaphragm 176 has the above size relation, a 
minute thing is desirable [ the difference of a mutual area ], so that Mact can be computed from 
the thickness, the consistency, and area as the whole oscillating section. Moreover, as for parts 
other than the circular part which are those principal parts, in this example, it is desirable in the 
piezo-electric layer 160, the up electrode 164, and the lower electrode 166 that it is so minute 
that it can ignore to the principal part. Therefore, in an actuator 106, Mact is the sum of each 
inertance of the up electrode 164, the lower electrode 166, the piezo-electric layer 160, and the 
oscillating field of the diaphragms 176. Moreover, Compliance Cact is the compliance of the part 
formed of the up electrode 164, the lower electrode 166, the piezo-electric layer 160, and the 
oscillating field of the diaphragms 176. 

[0045] In addition, although drawing 2 (A), drawing 2 (B), drawing 2 (D), and drawing 2 (F) 
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show the oscillating section of an actuator 106, and the equal circuit of a cavity 162, in these 
equal circuits, Cact shows the compliance of the oscillating section of an actuator 106. Cpzt, 
Celectrodel and Celectrode2, and Cvib show the compliance of the piezo-electric layer 160 in 
the oscillating section, the up electrode 164, the lower electrode 166, and a diaphragm 176, 
respectively. Cact is expressed with the following formulas 3. 
[0046] 

1-/Cact=(l-/Cpzt) +(1 -/Celectrodel) +(l-/Celectrode2)+ (1-/Cvib) (formula 3) 

From a formula 2 and a formula 3, drawing 2 (A) can also be expressed like drawing 2 (B). 

[0047] Compliance Cact expresses the volume which can receive a medium according to the 

deformation when putting a pressure on the unit area of the oscillating section. Moreover, 

Compliance Cact may say that it expresses the ease of carrying out of deformation. 

[0048] A liquid is fiilly held in a liquid container and drawing 2 (C) shows the sectional view of 

the actuator 106 in case the liquid is filled around the oscillating field of an actuator 106. A 

liquid is fully held in a liquid container and M'max of drawing 2 (C) expresses the maximum of 

an addition inertance in case the liquid is filled around the oscillating field of an actuator 106. 

M'max is [0049]. 

M'max=(pi*rho/(2*k3)) * (2*(2*k*a) 3/(3*pi))/(pi*a 2) 2 (formula 4) 

(a is [ the consistency of a medium and k of the radius of the oscillating section and rho ] the 

wave numbers.) 

[0050] It is come out and expressed. In addition, a formula 4 is materialized when the radius a of 
the oscillating field of an actuator 106 is circular. Addition inertance M' is an amount which 
shows that the mass of the oscillating section is increasing seemingly according to an operation 
of the medium near the oscillating section. As shown in a formula 4, M'max changes with the 
radius a of the oscillating section, and the consistencies rho of a medium a lot. 
[0051] The wave number k is k=2* pi*fact/c. (formula 5) 

(fact is the resonance frequency of the oscillating section when the liquid is not touching.) c is 

the rate of the sound which spreads the inside of a medium. 
[0052] It is come out and expressed. 

[0053] A liquid is fully held in a liquid container and .drawing. 2 (D) shows the oscillating section 
of the actuator 106 in the case of being drawing 2 (C) with which the liquid is filled around the 
oscillating field of an actuator 106, and the equal circuit of a cavity 162. 
[0054] Although the liquid of a liquid container is consumed and drawing 2 (E) does not have a 
liquid around the oscillating field of an actuator 106, in the cavity 162 of an actuator 106, the 
sectional view of the actuator 106 when the liquid remains is shown. A formula 4 is a formula 
showing the greatest inertance M'max determined from the consistency rho of ink etc., when the 
liquid is fiUed by the liquid container. It is [0055] when the liquid around the oscillating field of 
an actuator 106 becomes a gas or a vacuum on the other hand, the liquid in a liquid container 
having been consumed and a liquid remaining in a cavity 162. M'= rho*t/S (formula 6) 
It can express, t is the thickness of the medium in connection with vibration. S is the area of the 
oscillating field of an actuator 106. It is S=pi*a 2 when the radius a of this oscillating field is 
circular. Therefore, addition inertance M' follows a formula 4, when a liquid is fiiUy held in a 
liquid container and the liquid is filled around the oscillating field of an actuator 106. On the 
other hand, a liquid is consumed, and a formula 6 is followed when the liquid around the 
oscillating field of an actuator 106 becomes a gas or a vacuum, a liquid remaining in a cavity 
162. 

[0056] Here, although the liquid of a liquid container is consumed and there is no liquid around 
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the oscillating field of an actuator 106 like drawing 2 (E), addition inertance M' when the liquid 
remains in the cavity 162 of an actuator 106 is made into M'cav for convenience, and it 
distinguishes from addition inertance M'max in case the liquid is filled around the oscillating 
field of an actuator 106. 

[0057] Although the liquid of a liquid container is consumed and drawing 2 (F) does not have a 
liquid around the oscillating field of an actuator 106, in the cavity 162 of an actuator 106, the 
oscillating section of the actuator 106 in the case of being drawing 2 (E) in which the liquid 
remains, and the equal circuit of a cavity 162 are shown. 

[0058] Here, the parameters related to the condition of a medium are the consistency rho of a 
medium, and thickness [ of a medium ] t in a formula 6. When the liquid is fully held in the 
liquid container, a liquid contacts the oscillating section of an actuator 106, when the liquid is not 
fully held in the liquid container, a liquid remains inside a cavity or a gas or a vacuirai contacts 
the oscillating section of an actuator 106. The surrounding liquid of an actuator 106 is consumed, 
if the addition inertance in the process which shifts to M'cav of drawing 2 (E) from M'max of 
drawing 2 (C ) is made into M'var, since thickness t of the consistency rho of a medium and a 
medium changes, addition inertance M'var will change and resonance frequency fs will also 
change with the hold conditions of the liquid in a liquid container. Therefore, the existence of the 
liquid in a liquid container is detectable by specifying resonance frequency fs. When M'cav is 
expressed using a formula 6, depth d of a cavity is substituted for t of a formula 6, and it is 
[0059]. 

M'cav=rho*d/S (formula 7) 
It becomes. 

[0060] Moreover, since a consistency rho changes with differences in a presentation even if a 
medium is a hquid with which classes differ mutually, addition inertance M' changes and 
resonance frequency fs also changes. Therefore, the class of liquid is detectable by specifying 
resonance frequency fs. In addition, when either ink or air contacts and it is not intermingled in 
the oscillating section of an actuator 106, the difference of M' can be detected even if it 
calculates by the formula 4. 

[0061] Drawings 3 (A) is a graph which shows relation with the resonance frequency fs of the 
amount of the ink in an ink tank, ink, and the oscillating section. Here, ink is explained as one 
example of a liquid. An axis of ordinate shows resonance frequency fs, and an axis of abscissa 
shows the amount of ink. When an ink presentation is fixed, resonance frequency fs rises with 
the fall of an ink residue. 

[0062] When ink is fully held in an ink container and ink is filled around the oscillating field of 
an actuator 106, the maximum addition inertance M'max serves as a value expressed to a formula 
4. On the other hand, ink is consumed, and when ink is not filled around the oscillating field of 
an actuator 106, a liquid remaining in a cavity 162, addition inertance M'var is computed by the 
formula 6 based on thickness t of a medium, t in a formula 6 can also detect the process in which 
ink is gradually consumed by being small in d (referring to drawing 1 (B)) of the cavity 162 of 
an actuator 106, namely, making a substrate 178 thin enough since it is the thickness of the 
medium in connection with vibration (refer to drawing 2 (C)). Here, tink considers as the 
thickness of the ink in connection with vibration, and sets tink-max to tink in M'max. For 
example, an actuator 106 is arranged almost horizontally to the oil level of ink on the base of an 
ink cartridge. If ink is consumed and the oil level of ink reaches below the height of t from an 
actuator 106, M'var will change with formulas 6 gradually and resonance frequency fs will 
change with formulas 1 gradually. Therefore, as long as the oil level of ink is within the limits of 
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t, as for an actuator 106, the consumption condition of ink is detectable gradually. 
[0063] Moreover, according to the location of the oil level by consumption of ink, S in a formula 
6 changes by making the oscillating field of an actuator 106 greatly or long, and arranging 
perpendicularly. Therefore, an actuator 106 can also detect the process in which ink is consumed 
gradually. For example, an actuator 106 is arranged almost perpendicularly to the oil level of ink 
on the side attachment wall of an ink cartridge. If ink is consumed and the oil level of ink arrives 
at the oscillating field of an actuator 106, since addition inertance M' will decrease with the fall 
of water level, resonance frequency fs increases gradually by the formula 1 . Therefore, as for an 
actuator 106, the oil level of ink can detect the consumption condition of ink gradually, as long 
as it is within the limits of path 2a (refer to drawing 2 (C)) of a cavity 162. 
[0064] The curve X of drawing 3 (A) expresses relation with the resonance frequency fs of the 
amount of the ink held in the ink tank the case where the cavity 162 of an actuator 106 is made 
shallow enough, and at the time of making the oscillating field of an actuator 106 greatly enough 
or long, ink, and the oscillating section. While the amount of the ink in an ink tank decreases, he 
can understand signs that the resonance frequency fs of ink and the oscillating section changes 
gradually. 

[0065] The case where the process in which ink is consumed gradually is detectable in a detail is 
a case where both the liquids and gases from which a consistency differs mutually exist, and it is 
concerned with vibration, in the circumference of the oscillating field of an actuator 106 more. 
While liquids decrease in number, a gas increases the medium on the circumference of an 
oscillating field of an actuator 106, and in connection with vibration, as ink is consumed 
gradually. For example, it is the case where an actuator 1 06 is horizontally arranged to the oil 
level of ink, and when tink is smaller than tink-max, the medium in connection with vibration of 
an actuator 106 contains both ink and a gas. Therefore, it is [0066] when the condition of having 
become below M'max of a formula 4 when it was the area S of the oscillating field of an actuator 
106 is expressed with the additional mass of ink and a gas. 
M -M'air+M'ink= rho air*tair/S+rho ink*tink/S (formula 8) 

It becomes. Here, M'air is the inertance of air and M'ink is the inertance of ink. rhoair is the 
consistency of air and rhoink is the consistency of ink. tair is the thickness of the air in 
connection with vibration, and tink is the thickness of the ink in connection with vibration. When 
the actuator 106 is arranged almost horizontally to the oil level of ink as hquids decrease in 
number among the media in connection with the vibration in the circumference of an oscillating 
field of an actuator 106 and a gas increases, tair increases and tink decreases. By it, MVar 
decreases gradually and resonance frequency increases gradually. Therefore, the amount of the 
ink which remains in an ink tank, or the consumption of ink is detectable. In addition, in a 
formula 7, it is the formula of only the consistency of a liquid because the case of being so small 
that the consistency of air being disregarded is assumed to the consistency of a hquid. 
[0067] When the actuator 106 is arranged almost perpendicularly to the oil level of ink, the 
media in connection with vibration of an actuator 106 are considered to be the field of only ink, 
and the equal circuit (not shown) of juxtaposition of the medium in connection with vibration of 
an actuator 106 with a gaseous field among the oscillating fields of an actuator 106. It is [0068], 
when the medium in connection with vibration of an actuator 106 sets area of the field of only 
ink to Sink and the medium in connection with vibration of an actuator 106 sets area of a gaseous 
field to Sair. 

l/M'=l/M'air+l/M'ink=Sair/(rhoair*tair) +Sink/(rhoink*tink ) (formula 9) 
It becomes. 
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[0069] In addition, a formula 9 is applied when ink is not held at the cavity of an actuator 106. 
About the case where ink is held at the cavity of an actuator 106, it is calculable with a formula 
7, a formula 8, and a formula 9. 

[0070] On the other hand, the oil level of ink will detect an upper location or a bottom location 
from the stowed position of an actuator rather than a substrate 178 is thick, namely, depth d of a 
cavity 162 is deep, and it detects the process in which ink decreases in number gradually in 
practice, when d uses an actuator with a very small oscillating field as compared with the case of 
being comparatively close to thickness tink-max of a medium, and the height of a liquid 
container. When it puts in another way, the existence of the ink in the oscillating field of an 
actuator will be detected. For example, the curve Y of drawing 3 (A) shows relation with the 
resonance frequency fs of the amount of the ink in the ink tank in the case of a small circular 
oscillating field, ink, and the oscillating section. Between the amounts Q of ink before and after 
the oil level of the ink in an ink tank passes through the stowed position of an actuator, signs that 
the resonance frequency fs of ink and the oscillating section is changing violently are shown. 
From this, it is detectable in an ink tank whether ink is carrying out specified quantity survival. 
[0071] A diaphragm 176 is contacting a liquid and directly, and since the method of detecting the 
existence of a liquid using an actuator 1 06 detects the existence of ink, compared with the 
approach of calculating the consumption of ink with software, its detection precision is high. 
Furthermore, although the approach conductivity detects the existence of ink is influenced 
according to the attaching position to a liquid container, and the class of ink using an electrode, 
the approach of detecting the existence of a liquid using an actuator 106 is not influenced 
according to the attaching position to a liquid container, and the class of ink. Furthermore, since 
the both sides of detection of the existence of a liquid can be considered as an oscillation using 
the single actuator 106, the number of the sensors attached in a liquid container as compared 
with the approach of carrying out oscillation and detection of the existence of a liquid using a 
different sensor can be decreased. Therefore, a liquid container can be manufactured cheaply. 
Furthermore, it can be [ sound / which an actuator 106 generates working ] quiet by setting the 
oscillation frequency of the piczo-clcctric layer 160 as a non-audible field. 
[0072] Drawi ng 3 (B) shows relation with the resonance frequency fs of the consistency of the 
ink in the curve Y of drawing 3 (A), ink, and the oscillating section. Ink is mentioned as an 
example of a liquid. Since an addition inertance will become large if an ink consistency becomes 
high as shown in drawing 3 (B), resonance frequency fs falls. That is, resonance frequency fs 
changes with classes of ink. Therefore, in case it is re-filled up with ink by measuring resonance 
frequency fs, it can check whether the ink in which consistencies differed is mixed. 
[0073] That is, the ink tank which holds the ink in which classes differ mutually is discriminable. 
[0074] Then, even if the liquid in a liquid container is the state of the sky, the conditions which 
can detect correctly the condition of a liquid when setting up the size and the configuration of a 
cavity so that a liquid may remain in the cavity 162 of an actuator 106 are explained in full 
detail. If the condition of a liquid can be detected when the liquid is filled in the cavity 162, an 
actuator 106 can detect the condition of a liquid, even if it is the case where the liquid is not 
filled in the cavity 162. 

[0075] Resonance frequency fs is a fiinction of Inertance M. Inertance M is the sum of the 
inertance Mact of the oscillating section, and addition inertance M'. Here, addition inertance M' 
is related to the condition of a liquid. Addition inertance M' is an amount which shows that the 
mass of the oscillating section is increasing seemingly according to an operation of the medium 
near the oscillating section. That is, the increment of the mass of the oscillating section by 
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absorbing a medium seemingly by vibration of the oscillating section is said. 
[0076] Therefore, when M'cav is larger than M'max in a formula 4, all the media absorbed 
seemingly are liquids which remain in a cavity 162. Therefore, it is the same as the condition that 
the liquid is filled in the liquid container. In this case, since M' does not change, resonance 
frequency fs does not change, either. Therefore, an actuator 106 can detect the condition of the 
liquid in a liquid container. 

[0077] On the other hand, when M'cav is smaller than M' max in a formula 4, the medium 
absorbed seemingly is the gas or vacuum in the liquid which remains in a cavity 162, and a 
liquid container. Since M' changes unlike the condition that the liquid is filled in the liquid 
container at this time, resonance frequency fs changes. Therefore, an actuator 106 can detect the 
condition of the liquid in a liquid container. 

[0078] That is, the liquid in a liquid container is the state of the sky, and when a liquid remains in 
the cavity 162 of an actuator 106, the conditions on which an actuator 106 can detect the 
condition of a liquid correctly are that M'cav is smaller than M'max. In addition, condition 
M'max>M'cav to which an actuator 106 can detect the condition of a liquid correctly is not 
concerned with the configuration of a cavity 162. 

[0079] Here, M'cav is the capacity of a cavity 162, and the mass of the liquid of an almost equal 
capacity. Therefore, an actuator 106 can express the conditions which can detect the condition of 
a liquid correctly as conditions for the capacity of a cavity 162 fi-om the inequality of 
M'max>M'cav. For example, it is [0080], when the radius of the opening 161 of the cavity 162 of 
a circle configuration is set to a and the depth of a cavity 162 is set to d. M'max>rho*d/pi a2 
(formula 10) 

It comes out. It is [0081] when a formula 10 is developed. a/d>3*pi/8 (formula 1 1) 
The conditions to say are searched for. In addition, when the configuration of a cavity 162 is 
circular, a formula 10 and a formula 1 1 are restricted and are materialized. If pia2 in a formula 
10 is calculated by replacing it with the area using the formula of M'max when not being 
circular, the relation between dimensions, such as width of face of a cavity and die length, and 
the depth can be drawn. 

[0082] Therefore, if it is the actuator 106 which has the cavity 162 which are the radius a of the 
opening 161 which fills a formula 11, and depth [ of a cavity 162 ] d, even if the liquid in a liquid 
container is the state of the sky and it is the case where a liquid remains in a cavity 162, the 
condition of a liquid can be detected, without incorrect-operating. 

[0083] It can be said that the approach of measuring back EMF generated in an actuator 106 by 
residual vibration has detected change of an acoustic impedance at least since addition inertance 

M' also influences an acoustic-impedance property. 

[0084] Moreover, according to this example, back EMF which an actuator 106 generates 
vibration and generates in an actuator 106 by subsequent residual vibration is measured. 
However, it is not necessarily required for the oscillating section of an actuator 106 to give 
vibration to a liquid by its vibration by driver voltage. That is, even if the oscillating section does 
not oscillate itself, the piezo-electric layer 160 bends and deforms by vibrating with the liquid of 
a certain range in contact with it. This residual vibration makes the piezo-electric layer 160 
generate the back EMF electrical potential difference, and transmits that back EMF electrical 
potential difference to the up electrode 164 and the lower electrode 166. The condition of a 
medium may be detected by using this phenomenon. For example, it may set to an Inkjet 
recording apparatus, and the condition of an ink tank or the ink of the interior may be detected 
using vibration around the oscillating section of the actuator generated by vibration by the 
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reciprocating motion of the carriage by the scan of the print head at the time of printing. 
[0085] Drawing 4 (A) And drawing 4 (B) shows the wave of the residual vibration of an actuator 
106 after vibrating an actuator 106, and the measuring method of residual vibration, the ink in 
the stowed position level of the actuator 106 in an ink cartridge ~ the upper and lower sides of 
water level are detectable with frequency change of the residual vibration after an actuator 106 
oscillates, and change of the ampUtude. Drawing 4 (A) And in drawing 4 (B), an axis of ordinate 
shows the electrical potential difference of back EMF generated by the residual vibration of an 
actuator 106, and an axis of abscissa shows time amount. By the residual vibration of an actuator 
106, it is drawing 4 R> 4 (A). And as shown in drawing 4 (B), the wave of the analog signal of 
an electrical potential difference occurs. Next, an analog signal is changed into the digital 
numeric value corresponding to the frequency of a signal. 

[0086] In the example shown in drawing 4 (A) and drawing 4 (B), the existence of ink is 
detected by measuring the time amount which four pulses to 8 pulse eye produce from 4 pulse 
eye of an analog signal. 

[0087] More, in a detail, after an actuator 106 oscillates, the count which crosses the 
predetermined reference voltage set up beforehand from a low-battery side to a high-voltage side 
is counted. The between from four counts to eight counts is set to High for a digital signal, and 
the time amount from four counts to eight counts is measured by the predetermined clock pulse. 
[0088] Drawing 4 (A) is a wave in case a liquid ink side is in a high order rather than the stowed 
position level of an actuator 106. On the other hand, drawing 4 (B) is a wave in case there is no 
ink in the stowed position level of an actuator 106. When drawi ng 4 R> 4 (A) is compared with 
drawing 4 (B), in drawing 4 (A), a******** understands the time amount from four counts to 
eight counts from drawing 4 (B). A paraphrase changes the time amount from four counts to 
eight counts by the existence of ink. The consumption condition of ink is detectable using a 
difference of this time amount. After vibration of an actuator 106 is stabilized, it counts for 
beginning measurement from 4 count eye of an analog wave. What it was presupposed that it is 
from 4 count eye is a mere example, and may count from the count of arbitration. Here, the 
signal from 4 count eye to 8 count eye is detected, and the time amount from 4 count eye to 8 
count eye is measured by the predetermined clock pulse. It asks for resonance frequency by it. 
As for a clock pulse, it is desirable that it is the pulse of a clock equal to the clock for controlling 
the semiconductor memory attached in an ink cartridge. In addition, there is no need of 
measuring the time amount to 8 count eye, and it may be counted to the count of arbitration. In 
drawing 4 , although the time amount from 4 count eye to 8 count eye is measured, according to 
the circuitry which detects a frequency, the time amount in a different counting interval may be 
detected. 

[0089] For example, when fluctuation of the amplitude of a peak is small, in order the quality of 
ink is stable, and to gather the rate of detection, you may ask for resonance frequency by 
detecting the time amount from 4 count eye to 6 count eye. Moreover, the quality of ink is 
unstable, and when fluctuation of the amplitude of a pulse is large, in order to detect residual 

vibration correctly, the time amount from 4 count eye to 12 count eye may be detected. 
[0090] Moreover, the wave number of the voltage waveform of back EMF within a 
predetermined period may be counted as other examples (not shown). It can ask for resonance 
frequency also by this approach. More, in a detail, after an actuator 106 oscillates, only a 
predetermined period sets a digital signal to High, and the count which crosses predetermined 
reference voltage from a low-battery side to a high-voltage side is counted. The existence of ink 
is detectable by measuring the number of counts. 
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[0091] Furthermore, the back EMF wave amplitudes differ by the case where there are not a case 
where ink is filled in the ink cartridge, and ink into an ink cartridge so that drawing 4 (A) and 
drawing 4 (B) may be compared and understood. Therefore, the consumption condition of the 
ink in an ink cartridge may be detected also by measuring the back EMF wave amplitude, 
without asking for resonance frequency. Top-most vertices and drawing 4 (B) of the back EMF 
wave [ detail ] of drawing 4 R> 4 (A) more Reference voltage is set up between the top-most 
vertices of the back EMF wave. When a digital signal is set to High at predetermined time and 
the back EMF wave crosses reference voltage after the actuator 1 06 oscillated, it is judged that 
there is no ink. When the back EMF wave does not cross reference vohage, it is judged that there 
is ink. 

[0092] Drawing 5 shows the manufacture approach of an actuator 106. Two or more actuators 
106 (the example of drawing 5 four pieces) are formed in one. The actuator 106 shown in 
drawing 6 is manufactured by cutting the one moldings of two or more actuators shown in 

drawing 5 in each actuator 106. When each piezoelectric device of two or more really shown [ in 
drawing 5 ] fabricated actuators 106 is circular, the actuator 106 shown in drawing 1 can be 
manufactured by really cutting a moldings in each actuator 106. By forming two or more 
actuators 106 in one, two or more actuators 106 can be efficiently manufactured to coincidence, 
and the handling at the time of conveyance becomes easy. 

[0093] An actuator 106 has sheet metal or a diaphragm 176, a substrate 178, an elastic wave 
generating means or a piezoelectric device 174, a terminal formation member or the up electrode 
terminal 168 and a terminal formation member, or the lower electrode terminal 170. A 
piezoelectric device 174 contains a piczo-clectric diaphragm or the piezo-electric layer 160, an 
upper electrode or the up electrode 1 64 and a bottom electrode, or the lower electrode 166. A 
diaphragm 176 is formed in the top face of a substrate 178, and the lower electrode 166 is 
formed in the top face of a diaphragm 176. The piezo-electric layer 160 is formed in the top face 
of the lower electrode 166, and the up electrode 164 is formed in the top face of the piezo- 
electric layer 1 60. Therefore, of the principal part of the up electrode 164, and the principal part 
of the lower electrode 166, the principal part of the piezo-electric layer 160 is formed so that it 
may be inserted from the upper and lower sides. 

[0094] The piezoelectric device 174 of plurality (the example of drawing 5 four pieces) is 
formed on the diaphragm 176. The lower electrode 166 is formed in the front face of a 
diaphragm 176, the piezo-electric layer 160 is formed in the front face of the lower electrode 
166, and the up elecfrode 164 is formed in the top face of the piezo-electric layer 160. The up 
electrode terminal 168 and the lower elecfrode terminal 170 are formed in the edge of the up 
elecfrode 164 and the lower electrode 166. Four actuators 106 are cut separately, respectively 
and are used according to an individual. 

[0095] As for drawing 6 , a piezoelectric device shows some cross sections of the rectangular 
actuator 106. 

[0096] Drawing 7 shows the cross section of the whole actuator 106 shown in drawing 6 . 
Through tube 178a is formed in the piezoelectric device 174 of a substrate 178, and the field 
which counters. The closure of the through tube 178a is carried out by the diaphragm 176. A 
diaphragm 176 is equipped with electric insulation, such as an alumina and an oxidization 
zirconia, and is formed with the ingredient in which elastic deformation is possible. The 
piezoelectric device 174 is formed on the diaphragm 176 so that it may counter with through 
tube 178a. The lower elecfrode 166 is formed in the front face of a diaphragm 176 so that it may 
extend from the field of through tube 178a to the left in an one direction and drawing 7 . The up 
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electrode 164 is formed in the front face of the piezo-electric layer 160 so that it may extend in 
the method of the right in drawin g 7 in the direction opposite to a lower electrode from the field 
of through tube 178a. The up electrode terminal 168 and the lower electrode terminal 170 are 
formed in the top face of an auxiliary electrode 172 and the lower electrode 166, respectively. 
The lower electrode terminal 170 contacts the lower electrode 166 electrically, and the up 
electrode terminal 168 contacts the up electrode 164 electrically through an auxiliary electrode 
172, and it delivers the signal between a piezoelectric device and the exterior of an actuator 106. 
The up electrode terminal 168 and the lower electrode terminal 170 have the height more than 
the height of the piezoelectric device which doubled the electrode and the piezo-electric layer. 
[0097] Drawin g 8 shows the manufacture approach of the actuator 106 shown in drawin g 5 . 
First, a press or laser processing is used for a green sheet 940, and through tube 940a is punched. 
A green sheet 940 serves as a substrate 178 after baking. A green sheet 940 is formed with 
ingredients, such as a ceramic. Next, the laminating of the green sheet 941 is carried out to the 
front face of a green sheet 940. A green sheet 941 serves as a diaphragm 176 after baking. A 
green sheet 941 is formed with ingredients, such as an oxidization zirconia. Next, sequential 
formation of a conductive layer 942, the piezo-electric layer 160, and the conductive layer 944 is 
carried out by approaches, such as pressure membrane printing, on the front face of a green sheet 
941. A conductive layer 942 serves as the lower electrode 166 behind, and a conductive layer 
944 serves as the up electrode 164 behind. Next, the formed green sheet 940, a green sheet 941, a 
conductive layer 942, the piezo-electric layer 160, and a conductive layer 944 are dried and 
calcinated. Spacing members 947 and 948 carry out bottom raising of the height of the up 
electrode terminal 168 and the lower electrode terminal 170, and make it higher than a 
piezoelectric device. Spacing members 947 and 948 carry out the laminating of printing or the 
green sheet, and form green sheets 940 and 941 and this ingredient. Since there are few 
ingredients of the up electrode terminal 168 which is noble metals, and the lower electrode 
terminal 170, it ends upwards by this spacing member 947,948 and thickness of the up electrode 
terminal 1 68 and the lower electrode terminal 170 can be made thin, the up electrode terminal 
168 and the lower electrode terminal 170 can be printed with a sufficient precision, and it can 
consider as the height stabilized further. 

[0098] If connection 944' with a conductive layer 944 and spacing members 947 and 948 are 
formed in coincidence at the time of formation of a conductive layer 942, the up electrode 
terminal 168 and the lower electrode terminal 170 can be formed easily, or it can fix firmly. 
Finally, the up electrode terminal 168 and the lower electrode terminal 170 are formed in the 
edge field of a conductive layer 942 and a conductive layer 944. In case the up electrode terminal 
168 and the lower electrode terminal 170 are formed, it forms so that the up electrode terminal 
168 and the lower electrode terminal 170 may be electrically connected to the piezo-electric 
layer 160. 

[0099] Drawing 9 shows the operation gestalt of further others of the ink cartridge to which this 
invention is applied. Drawing 9 (A) is the sectional view of the pars basilaris ossis occipitalis of 
the ink cartridge by this operation gestalt. The ink cartridge of this operation gestalt has through 
tube Ic in base la of a container 1 which holds ink. The pars basilaris ossis occipitalis of through 
tube Ic is closed by the actuator 650, and forms an ink reservoir. 

[0100] Drawing 9 (B) shows the actuator 650 shown in drawing 9 (A), and the detailed cross 
section of through tube Ic. Drawing 9 R> 9 (C) shows the flat surface of the actuator 650 shown 
in drawing 9 (B), and through tube Ic. An actuator 650 has the piezoelectric device 73 fixed to 
the diaphragm 72 and the diaphragm 72. An actuator 650 is fixed to the base of a container 1 so 
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that a piezoelectric device 73 may counter through tube Ic through a diaphragm 72 and a 
substrate 71 . Elastic deformation is possible for a diaphragm 72, and it is equipped with ink- 
proof nature. 

[0101] Depending on the amount of ink of a container 1, the amplitude and frequency of back 
EMF which are generated by the residual vibration of a piezoelectric device 73 and a diaphragm 
72 change. Through tube Ic is formed in the location which counters an actuator 650, and the ink 
of the minimum constant rate is secured to through tube Ic. Therefore, the ink end of a container 
1 is certainly detectable by measuring beforehand the property of vibration of the actuator 650 
decided by the amount of ink secured to through tube Ic. 

[0102] Drawin g 10 shows other operation gestalten of through tube Ic. In each of drawing 10 
(A), (B), and (C), the condition that the chart on the left does not have Ink K in through tube Ic 
is shown, and right-hand side drawing shows the condition that Ink K remained in through tube 
Ic. In the operation gestah of drawing 9 , the side face of through tube Ic is formed as a 
perpendicular wall. In drawing 10 (A), Id of side faces of through tube Ic is slanting in the 
vertical direction, and it is expanded and opened outside. In drawing 10 (B), the level difference 
sections le and If are formed in the side face of through tube Ic. If of level difference sections 
which are up is larger than level difference section le which exists caudad. In drawing 10 (C), 
through tube Ic has Ig of slots which extend in the direction of the ink feed hopper 2 which is 
easy to discharge Ink K, i.e., the direction. 

[0103] Drawing 10 (A) According to the configuration of through tube Ic shown in - (C), the 
amount of the ink K of an ink reservoir can be lessened. Therefore, since the oscillation 
characteristic of the ink and the actuator 650 at the time since M'cav explained by drawing 1 and 
drawing 2 can be made small as compared with M'max can be greatly changed with the case 
where the ink K of the amount which can be printed in a container 1 remains, an ink end can be 
detected more certainly. 

[0104] Drawing 1 1 is the perspective view showing other operation gestalten of an actuator. An 
actuator 660 has packing 76 outside through tube Ic of the substrate which constitutes an 
actuator 660, or the attachment plate 78. The caulking hole 77 is formed in the periphery of an 
actuator 660. An actuator 660 is fixed to a container 1 with caulking through the caulking hole 
77. 

[0105] Drawing 12 (A) and (B) are the perspective views showing the operation gestalt of further 
others of an actuator. An actuator 670 is equipped with the crevice formation substrate 80 and a 
piezoelectric device 82 in this operation gestalt. A crevice 81 is formed in one field of the crevice 
formation substrate 80 of technique, such as etching, and a piezoelectric device 82 is attached in 
the field of another side. The pars basilaris ossis occipitalis of a crevice 81 acts as an oscillating 
field among the crevice formation substrates 80. Therefore, the oscillating field of an actuator 
670 is specified by the periphery of a crevice 81. Moreover, an actuator 670 is similar with the 
structure where the subsfrate 178 and the diaphragm 176 were formed as one among the 
actuators 106 by the example of drawing 1 . Therefore, in case an ink cartridge is manufactured, 
a production process can be shortened, and cost is reduced. An actuator 670 is size in which 
embedding is possible to through tube Ic prepared in the container 1 . By it, a crevice 81 can act 
also as a cavity. In addition, like the actuator 670 by the example of drawing 12 , the actuator 
106 by the example of drawing 1 may be formed in through tube le so that embedding may be 
possible. 

[0106] Drawing 13 is the perspective view showing the configuration which attached the 
actuator 106 and was really formed as a module object 100. The predetermined part of the 
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container 1 of an ink cartridge is equipped with the module object ICQ. By [ in liquid ink ] 
detecting change of an acoustic impedance at least, the module object ICQ is constituted so that 
the consumption condition of the liquid in a container 1 may be detected. The module object ICQ 
of this operation gestalt has the liquid-container attachment section 101 for attaching an actuator 
106 in a container 1. The liquid-container attachment section 101 has structure with which the 
flat surface carried the cylinder section 116 which held the actuator 106 oscillated with a driving 
signal on the rectangular pedestal 102 mostly. Since it is constituted so that the actuator 106 of 
the module object 100 cannot contact from the outside when an ink cartridge is equipped with 
the module object 100, an actuator 106 can be protected from external contact. In addition, the 
radius of circle is attached, and in case the hole formed in the ink cartridge is equipped, it is easy 
to insert in the tip side edge of the cylinder section 116. 

[0107] Drawing 14 is the exploded view showing the configuration of the module object 100 
shown in drawing 13 . The module object 100 contains the liquid-container attachment section 
101 which consists of resin, and the piezoelectric device applied part 105 which has a plate 110 
and a crevice 113. Furthermore, the module object 100 has reed wires 104a and 104b, an actuator 
106, and a film 108. Preferably, a plate 1 10 is formed from ingredients which cannot rust easily, 
such as stainless steel or a stainless alloy. Opening 114 is formed in a core so that the cylinder 
section 116 and the pedestal 102 which arc included in the liquid-container attachment section 
101 can hold reed wires 104a and 104b, and a crevice 1 13 is formed so that an actuator 106, a 
film 108, and a plate 110 can be held. An actuator 106 is joined to a plate 110 through a film 
108, and a plate 110 and an actuator 106 are fixed to the liquid-container attachment section 101. 
Therefore, rccd wires 104a and 104b, an actuator 106, a film 108, and a plate 1 10 are attached in 
the liquid-container attachment section 101 as one. Reed wires 104a and 104b combine with the 
up electrode of an actuator 106, and a lower electrode, respectively, transmit a driving signal to a 
piezo-electric layer, and, on the other hand, transmit the signal of the resonance frequency which 
the actuator 106 detected to a recording device etc. An actuator 106 is temporarily oscillated 
based on the driving signal transmitted from reed wires 1 04a and 1 04b. Residual vibration of the 
actuator 106 is carried out after an oscillation, and it generates back EMF by the vibration. At 
this time, the resonance frequency corresponding to the consumption condition of the liquid in a 
liquid container is detectable by detecting the period of vibration of the back EMF wave, a film 
108 ~ an actuator 106 and a plate 110 — pasting up ~ an actuator — liquid ~ it is made dense. As 
for a film 108, it is desirable to form with polyolefine etc. and to paste up by thermal melting 
arrival, a film 108 ~ an actuator 106 and a plate 110- pasting up ~ an actuator ~ liquid ~ it is 
made dense. As for a film 108, it is desirable to form with polyolefine and to paste up by thermal 
melting arrival. By pasting up an actuator 106 and a plate 1 10 in the shape of a field with a film 
108, and fixing, dispersion by the location of adhesion is lost and any parts other than the 
oscillating section do not vibrate. Therefore, change of the resonance frequency of the back 
before pasting up an actuator 106 on a plate 1 10 is small. 

[0108] A plate 1 10 is a circle configuration and the opening 1 14 of a pedestal 102 is formed in 
the shape of a cylinder. The actuator 106 and the film 108 are formed in the shape of a rectangle. 
A reed wire 104, an actuator 106, a film 108, and a plate 1 10 are good also as removable to a 
pedestal 102. A pedestal 102, the reed wire 104, the actuator 106, the film 108, and the plate 110 
are arranged to the medial axis of the module object 100 at the symmetry, fiirthermore, the core 
of a pedestal 102, an actuator 106, a film 108, and a plate 110- the module object 100 ~ it is 
mostly arranged on the medial axis. 

[0109] The area of the opening 1 14 of a pedestal 102 is formed more greatly than the area of the 
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oscillating field of an actuator 106. The through tube 1 12 is formed in the location which faces 
the oscillating section of an actuator 106 at the core of a plate 1 10. As shown in drawing 1 and 
drawing 2 , a cavity 162 is formed in an actuator 106, and both a through tube 112 and the cavity 
162 form an ink reservoir. In order to lessen effect of residual ink, compared with the path of a 
through tube 112, the small thing of the thickness of a plate 1 10 is desirable. For example, as for 
the depth of a through tube 1 12, it is desirable that it is 1/3 or less magnitude of the path, a 
through tube 1 12 is the symmetry to the medial axis of the module object 100 ~ it is the 
configuration of a perfect circle mostly. Moreover, the area of a through tube 1 12 is larger than 
the opening area of the cavity 162 of an actuator 106. The periphery of the cross section of a 
through tube 1 12 may be a taper configuration, and a step configuration is sufficient as it. The 
flank of a container 1, the upper part, or a pars basilaris ossis occipitalis is equipped with the 
module object 100 so that a through tube 112 may turn to the inside of a container 1 . If ink is 
consumed and the ink of the actuator 106 circumference is lost, since the resonance fi-equency of 
an actuator 106 will change a lot, at least the water of ink can detect change. 
[0110] Drawing 15 is the perspective view showing other operation gestalten of a module object. 
As for the module object 400 of this operation gestalt, the piezoelectric device applied part 405 is 
formed in the liquid-container attachment section 401. As for the liquid-container attachment 
section 401, the cylinder-like cylinder section 403 is mostly formed for the flat surface on the 
pedestal 402 on Kakumaru's square. Furthermore, the piezoelectric device applied part 405 
includes the tabular element 406 and crevice 413 which were stood on the cylinder section 403. 
An actuator 106 is arranged in the crevice 413 established in the side face of the tabular element 
406. In addition, the tip of the tabular element 406 is beveled by the predetermined include 
angle, and in case the hole formed in the ink cartridge is equipped, it is easy to insert it in. 
[0111] Drawing 16 is the decomposition perspective view showing the configuration of the 
module object 400 shown in drawing 15 . The module object 400 as well as the module object 
100 shown in drawing 13 contains the liquid-container attachment section 401 and the 
piezoelectric device applied part 405. The liquid-container attachment section 401 has a pedestal 
402 and the cylinder section 403, and the piezoelectric device applied part 405 has the tabular 
element 406 and a crevice 413. It is joined to a plate 410 and an actuator 106 is fixed to a crevice 
413. The module object 400 has further reed wires 404a and 404b, an actuator 106, and a film 
408. 

[0112] According to this operation gestalt, a plate 410 is a rectangle-like and the opening 414 
prepared in the tabular element 406 is formed in the shape of a rectangle. Reed wires 404a and 
404b, an actuator 106, a film 408, and a plate 410 may be constituted as removable to a pedestal 
402. An actuator 106, a film 408, and a plate 410 pass along the core of opening 414, and are 
arranged at the symmetry to the medial axis prolonged in the direction of a vertical to the fiat 
surface of opening 414. fiarthermore, the core of an actuator 406, a film 408, and a plate 410 — 
opening 414 ~ it is mostly arranged on the medial axis. 

[0113] The area of the through tube 412 prepared in the core of a plate 410 is formed more 
greatly than the area of opening of the cavity 162 of an actuator 106. Both the cavities 162 and 
through tubes 412 of an actuator 106 form an ink reservoir. The thickness of a plate 410 is small 
compared with the path of a through tube 412, for example, it is desirable to set it as 1/3 or less 
magnitude of the path of a through tube 4 12. a through tube 412 is the symmetry to the medial 
axis of the module object 400 ~ it is the configuration of a perfect circle mostly. The periphery 
of the cross section of a through tube 412 may be a taper configuration, and a step configuration 
is sufficient as it. The pars basilaris ossis occipitalis of a container 1 can be equipped with the 
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module object 400 so that a through tube 412 may be arranged inside a container 1 . Since it is 
arranged in a container 1 so that an actuator 106 may be prolonged perpendicularly, a setup at the 
time of an ink end is easily changeable by changing the height which changes the height of a 
pedestal 402 and by which an actuator 106 is arranged in a container 1. 

[01 14] Drawin g 17 shows the operation gestalt of further others of a module object. The module 
object 500 of drawing 17 as well as the module object 100 shown in drawing 13 contains the 
liquid-container attachment section 501 which has a pedestal 502 and the cylinder section 503. 
Moreover, the module object 500 has further reed wires 504a and 504b, an actuator 106, a film 
508, and a plate 510. Opening 514 is formed in a core so that the pedestal 502 included in the 
liquid-container attachment section 501 can hold reed wires 504a and 504b, and a crevice 513 is 
formed so that an actuator 106, a film 508, and a plate 510 can be held. PUAKUCHUETA 106 is 
fixed to the piezoelectric device applied part 505 through a plate 510. Therefore, reed wires 504a 
and 504b, an actuator 106, a film 508, and a plate 510 are attached in the liquid-container 
attachment section 501 as one. As for the module object 500 of this operation gestalt, the 
cylinder section 503 with a top face slanting in the vertical direction is mostly formed for the flat 
surface on the pedestal on Kakumaru's square. The actuator 106 is arranged on the crevice 513 
aslant prepared in the vertical direction of the top face of the cylinder section 503. 
[01 15] The tip of the module object 500 inclines and the inclined plane is equipped with the 
actuator 106. Therefore, if the pars basilaris ossis occipitalis or flank of a container 1 is equipped 
with the module object 500, an actuator 106 inclines to the vertical direction of a container 1. As 
for whenever [ tilt-angle / of the tip of the module object 500 ], it is desirable to consider as for 
about 30 to 60 degrees in view of detectability ability. 

[0116] The pars basilaris ossis occipitalis or flank of a container 1 is equipped with the module 
object 500 so that an actuator 106 may be arranged in a container 1. When the flank of a 
container 1 is equipped with the module object 500, it is attached in a container 1, an actuator 
106 inclining so that a container 1 top, bottom, or width side may be turned to. It is desirable that 
it is attached in a container 1 on the other hand, an actuator 106 inclining so that the ink feed 
hopper side of a container 1 may be turned to when the pars basilaris ossis occipitalis of a 
container 1 is equipped with the module object 500. 

[0117] Drawing 18 is a sectional view near the pars basilaris ossis occipitalis of the ink container 
when equipping a container 1 with the module object 100 shown in drawing 13 . It is equipped 
with the module object 100 so that the side attachment wall of a container I may be penetrated. 
O ring 365 is formed in the plane of composition of the side attachment wall of a container 1, 
and the module object 100, and **** of the module object 100 and a container 1 is maintained at 
it. It is desirable to have the cylinder section which the module object 100 explained that a seal is 
made with an O ring by drawing 13 . By the tip of the module object 100 being inserted in the 
interior of a container 1, the ink in a container I contacts an actuator 106 through the through 
tube 1 12 of a plate 110. Since the resonance frequency of the residual vibration of an actuator 
106 changes with a liquid or gases, the perimeter of the oscillating section of an actuator 106 can 
detect the consumption condition of ink using the module object 100. Moreover, a container 1 
may be equipped with the module objects 700A, 700B, 750A, and 750B shown in the module 
object 400 shown not only in the module object 100 but in draw[ng 15 , the module object 500 
shown in drawing 17 R> 7 or drawing 19 , and drawing 20 , and the mold structure 600, and the 
existence of ink may be detected. 

[0118] Drawing 19 shows the operation gestalt of fiirther others of the module object 100. 
Module object 75 OA of dramng 19 (A) has an actuator 106 and a pedestal 360. The container 1 
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is equipped with module object 750A so that a front face may turn into an inside of the side 
attachment wall of a container 1, and the same field. An actuator 106 contains the piezo-electric 
layer 160, the up electrode 164, the lower electrode 166, and a diaphragm 176. The lower 
electrode 166 is formed in the top face of a diaphragm 176. The piezo-electric layer 160 is 
formed in the top face of the lower elecfrode 166, and the up electrode 164 is formed in the top 
face of the piezo-electric layer 160. Therefore, the piezo-electric layer 160 is formed so that it 
may be inserted from the upper and lower sides with the up electrode 1 64 and the lower 
electrode 166. The piezo-electric layer 160, the up electrode 164, and the lower electrode 166 
form a piezoelectric device. A piezoelectric device is formed on a diaphragm 176. A 
piezoelectric device and the oscillating field of a diaphragm 176 are the oscillating sections in 
which an actuator actually vibrates. The through tube 385 is formed in the side attachment wall 
of a container 1. Therefore, ink contacts a diaphragm 176 through the through tube 385 of a 
container 1 . 

[0119] Next, the actuation of module object 750A shown in drawing 19 (A) is explained. The up 
electrode 164 and the lower electrode 166 transmit a driving signal to the piezo-electric layer 
160, and transmit the signal of the resonance frequency which the piezo-electric layer 160 
detected to a recording device. It oscillates with the driving signal transmitted with the up 
electrode 164 and the lower electrode 166, and residual vibration of the piezo-electric layer 160 
is carried out. The piezo-electric layer 160 generates back EMF by this residual vibration. The 
period of vibration of the back EMF wave is counted, and the existence of ink can be detected by 
detecting the resonance frequency in the time. A container 1 is equipped only with a diaphragm 
176 so that module object 750A may contact the ink in the ink container 1 in the field where an 
actuator 106 is opposite to the piczoclcctric-dcvicc side of the oscillating section of an actuator 
106, i.e., drawing 19 , (A). Module object 750A of drawing 19 (A) becomes unnecessary [ the 
embedding to the module object 100 of the electrode of reed wires 104a, 104b, 404a, 404b, 504a 
and 504b shown in drawing 17 from drawing 13 ]. Therefore, a forming cycle is simplified. 
Furthermore, it becomes exchangeable [ module object 750A ], and becomes recyclable. 
Furthermore, since the actuator 106 is protected by the pedestal 360, it can protect an actuator 
106 from contact outside. 

[0120] Drawing 19 (B) shows the operation gestalt of fiirther others of module object 750B. 
Module object 750B of drawing 19 (B) has an actuator 106 and a pedestal 360. The container 1 
is equipped with module object 750B so that a front face may turn into an inside of the side 
attachment wall of a container 1, and the same field. An actuator 106 contains the piezo-electric 
layer 160, the up electrode 164, the lower elecfrode 166, and a diaphragm 176. The lower 
electrode 166 is formed in the top face of a diaphragm 176. The piezo-electric layer 160 is 
formed in the top face of the lower electrode 166, and the up electrode 164 is formed in the top 
face of the piezo-electric layer 160. Therefore, the piezo-electric layer 160 is formed so that it 
may be inserted from the upper and lower sides with the up elecfrode 164 and the lower 
elecfrode 166. The piezo-electric layer 160, the up elecfrode 164, and the lower elecfrode 166 
form a piezoelectric device. A piezoelectric device is formed on a diaphragm 176. A 
piezoelectric device and the oscillating field of a diaphragm 176 are the oscillating sections in 
which an actuator actually vibrates. The thin wall 380 is formed in the side attachment wall of a 
container 1. A container 1 is equipped only with a diaphragm 176 so that module object 75 OB 
may contact the thin wall 380 of the ink container 1 in the field where an actuator 106 is opposite 
to the piezoelectric-device side of the oscillating section of an actuator 106, i.e., drawing 19 , 
(B). Therefore, residual vibration of the oscillating section of an actuator 106 is carried out with 
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the thin wall 380. 

[0121] Next, the actuation of module object 750B shown in drawing 19 (B) is explained. The up 
electrode 164 and the lower electrode 166 transmit a driving signal to the piezo-electric layer 
160, and transmit the signal of the resonance frequency which the piezo-electric layer 160 
detected to a recording device. It oscillates with the driving signal transmitted with the up 
electrode 164 and the lower electrode 166, and the piezo-electric layer 160 vibrates with a 
resonant period. Since the thin wall 380 of a container 1 is contacted, a diaphragm 176 carries 
out residual vibration of the oscillating section of an actuator 106 with the thin wall 380. Since 
the inside side of the container 1 of the thin wall 380 contacts ink, in case an actuator 106 carries 
out residual vibration with the thin wall 380, the resonance frequency and the amplitude of this 
residual vibration change with ink residues. The piezo-electric layer 160 generates back EMF by 
this residual vibration. The period of vibration of the back EMF wave can be counted, and an ink 
residue can be detected by detecting the resonance frequency at that time. 
[0122] Module object 750B of drawing 19 (B) becomes unnecessary [ the embedding to the 
module object 100 of the electrode of reed wires 104a, 104b, 404a, 404b, 504a, and 504b shown 
in drawing 17 from drawing 13 ]. Therefore, a forming cycle is simplified. Furthermore, it 
becomes exchangeable [ module object 750B ], and becomes recyclable. Furthermore, since the 
actuator 106 is protected by the pedestal 360, it can protect an actuator 106 from contact outside. 
[0123] Drawing 20 (A) shows the sectional view of the ink container when equipping a container 
1 with module object 700B. In this example, module object 700B is used as one of the 
attachment structures. The container 1 is equipped with module object 700B as the liquid- 
container attachment section 360 projects inside a container 1. A through tube 370 is formed in 
the attachment plate 350, and the oscillating section of a through tube 370 and an actuator 106 
faces. Furthermore, a hole 382 is formed in the bottom wall of module object 700B, and the 
piezoelectric device applied part 363 is formed. As an actuator 106 closes one side of a hole 382, 
it is arranged. Therefore, ink contacts a diaphragm 176 through the hole 382 of the piezoelectric 
device applied part 363, and the through tube 370 of the attachment plate 350. Both the hole 382 
of the piezoelectric device applied part 363 and the through tube 370 of the attachment plate 350 
form an ink reservoir. The piezoelectric device applied part 363 and the actuator 106 are being 
fixed by the attachment plate 350 and the film member. The sealing structure 372 is formed in 
the connection of the liquid-container attachment section 360 and a container 1 . The sealing 
structure 372 may be formed with reversible ingredients, such as synthetic resin, and may be 
formed with an O ring, although module object 700B of drawing 20 (A) and a container 1 are 
another objects ~ drawing 20 (B) — the piezoelectric device applied part of module object 700B 
may consist of some containers 1 like. 

[0124] Module object 700B of drawing 20 (A) becomes unnecessary [ the embedding to the 
module object of a reed wire shown in drawing 17 from drawing 13 ]. Therefore, a forming cycle 
is simplified. Furthermore, it becomes exchangeable [ module object 700B ], and becomes 
recyclable. 

[0125] In case an ink cartridge shakes, an actuator 106 may incorrect-operate because the ink 
which ink adhered to the top face or side face of a container 1 , and has hung down from the top 
face or side face of a container 1 contacts an actuator 106. However, since the hquid-container 
attachment section 360 has projected module object 700B inside the container 1, an actuator 106 
does not incorrect-operate in the ink which has hung down from the top face and side face of a 
container 1 . 

[0126] Moreover, in the example of drawing 20 (A), a container 1 is equipped with some of 
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diaphragms 176 and attachment plates 350 so that the ink in a container 1 may be contacted. In 
the example of drawing 20 (A), the embedding to the module object of the electrode of reed 
wires 104a, 104b, 404a, 404b, 504a, and 504b shown in drawing 17 from drawing 13 becomes 
unnecessary. Therefore, a forming cycle is simplified. Furthermore, it becomes exchangeable [ 
an actuator 106 ] and becomes recyclable. 

[0127] Drawing 20 (B) shows the sectional view of an ink container as an example when 
equipping a container 1 with an actuator 106. In the ink cartridge by the example of drawing 20 
(B), the protection member 361 is attached in the container 1 as another object in the actuator 
106. Therefore, although the protection member 361 and the actuator 106 are not united as a 
module, they are one side, and the protection member 361 can protect them so that a user's hand 
cannot be touched at an actuator 106. The hole 380 prepared in the front face of an actuator 106 
is arranged by the side attachment wall of a container 1. An actuator 106 contains the piezo- 
electric layer 160, the up electrode 164, the lower electrode 166, a diaphragm 176, and the 
attachment plate 350. A diaphragm 176 is formed in the top face of the attachment plate 350, and 
the lower electrode 166 is formed in the top face of a diaphragm 176. The piezo-electric layer 
160 is formed in the top face of the lower electrode 166, and the up electrode 164 is formed in 
the top face of the piezo-electric layer 160. Therefore, the principal part of the piezo-electric 
layer 160 is formed so that it may be inserted by the principal part of the up electrode 164, and 
the principal part of the lower electrode 166 from the upper and lower sides. The circular part 
which is each principal part of the piezo-electric layer 160, the up electrode 164, and the lower 
electrode 166 forms a piezoelectric device. A piezoelectric device is formed on a diaphragm 176. 
A piezoelectric device and the oscillating field of a diaphragm 176 are the oscillating sections in 
which an actuator actually vibrates. The through tube 370 is formed in the attachment plate 350. 
Furthermore, the hole 380 is formed in the side attachment wall of a container 1. Therefore, ink 
contacts a diaphragm 176 through the hole 380 of a container 1, and the through tube 370 of the 
attachment plate 350. Both the hole 380 of a container 1 and the through tube 370 of the 
attachment plate 350 form an ink reservoir. Moreover, in the example of drawing 20 (B), since 
the actuator 106 is protected by the protection member 361, it can protect an actuator 106 from 
contact outside. 

[0128] In addition, it may replace with drawing 20 (A) and the attachment plate 350 in the 
example of (B), and the substrate 178 of drawing 1 may be used. 
[0129] Drawing 20 (C) shows an operation gestalt equipped with the mold structure 600 
containing an actuator 106. In this example, the mold structure 600 is used as one of the 
attachment structures. The mold structure 600 has an actuator 106 and the mold section 364. An 
actuator 106 and the mold section 364 are fabricated by one. The mold section 364 is fabricated 
with reversible ingredients, such as silicon resin. The mold section 364 has a reed wire 362 
inside. The mold section 364 is formed so that it may have two guide pegs prolonged from an 
actuator 106. the mold section 364 ~ the mold section 364 and a container 1 ~ liquid ~ since it 
fixes densely, the edge of two guide pegs of the mold section 364 is formed in the shape of a 
semi-sphere. A container 1 is equipped with the mold section 364 so that an actuator 106 may 
project inside a container 1, and the oscillating section of an actuator 106 contacts the ink in a 
container 1. The up electrode 164, the piezo-electric layer 160, and the lower electrode 166 of an 
actuator 106 are protected from ink by the mold section 364. 

[0130] For the mold structure 600 of drawing 20 (C), since the sealing structure 372 is 
unnecessary between the mold section 364 and a container 1, ink is a pile to the leakage from a 
container 1. Moreover, since it is the gestalt in which the mold structure 600 does not project 
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from the exterior of a container 1, an actuator 106 can be protected from contact outside. In case 
an ink cartridge shakes, an actuator 106 may incorrect-operate because the ink which ink was 
attached to the top face or side face of a container 1 , and has hung down from the top face or side 
face of a container 1 contacts an actuator 106. Since the mold section 364 has projected the mold 
structure 600 inside the container 1, an actuator 106 does not incorrect-operate in the ink which 
has hung down from the top face and side face of a container 1 . 

[0131] Drawing 21 shows the operation gestah of the ink cartridge and Inkjet recording device 
using the actuator 106 shown in drawing 1 . The ink jet recording device which has two or more 
ink induction 182 and electrode holders 184 corresponding to each ink cartridge 180 is equipped 
with two or more ink cartridges 180. Two or more ink cartridges 180 hold the ink of a class 
different, respectively, for example, a color. Each base of two or more ink cartridges 180 is 
equipped with the actuator 106 which is a means to detect an acoustic impedance at least. By 
equipping an ink cartridge 180 with an actuator 106, the ink residue in an ink cartridge 180 is 
detectable. 

[0132] Drawing 22 shows the detail of the head section circumference of an Inkjet recording 
device. An Inkjet recording device has the ink induction 182, an electrode holder 184, the head 
plate 186, and a nozzle plate 188. Two or more formation of the nozzle 190 which injects ink is 
carried out at the nozzle plate 188. The ink induction 182 has the air supply opening 181 and the 
ink inlet 1 83 . The air supply opening 181 supplies air to an ink cartridge 1 80. The ink inlet 1 83 
introduces ink from an ink cartridge 180. An ink cartridge 180 has an air induction inlet 1 85 and 
the ink feed hopper 187. An air induction inlet 185 introduces air from the air supply opening 
181 of the ink induction 182. The ink feed hopper 187 supplies ink to the ink inlet 183 of the ink 
induction 182. When an ink cartridge 1 80 introduces air from the ink induction 182, supply of 
the ink from the ink cartridge 180 to the ink induction 182 is urged. An electrode holder 184 
opens for free passage the ink supplied through the ink induction 182 from the ink cartridge 180 
on the head plate 1 86. 

[0133] Drav/in g 23 shows other operation gestalten of an ink cartridge 180 shown in drawing 20 
. Base 1 94a by which ink cartridge 180A of drawing 23 (A) was aslant formed in the vertical 
direction is equipped with the actuator 106. Inside the ink container 194 of an ink cartridge 180, 
the breaking-the -water wall 192 is formed in the actuator 106 of predetermined height, and the 
faced location from the intemal base of the ink container 194. Since it is aslant equipped with the 
actuator 106 to the vertical direction of the ink container 194, it becomes the ****** fitness of 
ink. 

[0134] The gap filled with ink is formed between an actuator 106 and the breaking-the- water 
wall 192. Moreover, spacing of the breaking-the-water wall 192 and an actuator 106 is vacated 
for extent with which ink is not held according to the capillary tube force. When the ink 
container 194 rolls, the wave of ink occurs in the ink container 194 interior by rolling, a gas and 
air bubbles are detected by the impact with an actuator 106, and an actuator 106 may incorrect- 
operate by it. By establishing the breaking-the-water wall 192, the wave of the ink of the actuator 
106 neighborhood can be prevented and incorrect actuation of an actuator 106 can be prevented. 
[0135] It is equipped with the actuator 106 of ink cartridge 180B of drawing 23 (B) on the side 
attachment wall of the feed hopper of the ink container 194. As long as it is near the ink feed 
hopper 187, the side attachment wall or base of the ink container 194 may be equipped with an 
actuator 106. Moreover, as for an actuator 106, it is desirable that the core of the cross direction 
of the ink container 194 is equipped. Since ink passes the ink feed hopper 187 and is supplied 
outside, ink and an actuator 106 contact certainly to an ink near end time by forming an actuator 
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106 near the ink feed hopper 187. Therefore, an actuator 106 can detect the time of an ink near 
end certainly. 

[0136] Furthermore, by forming an actuator 106 near the ink feed hopper 187, in case the 
cartridge holder on carriage is equipped with an ink container, positioning with the actuator 106 
on an ink container and the contact on carriage becomes certain. In connection on an ink 
container and carriage, positive association with an ink feed hopper and a supply needle is the 
most important for the reason. It is because its tip of a supply needle is hurt, or a damage will be 
given to sealing structures, such as an O ring, and ink will begin to leak, if there is a gap. In order 
to prevent such a trouble, the Inkjet printer usually has the special structure which can do exact 
alignment, when mounting an ink container on carriage. Therefore, by arranging an actuator near 
the feed hopper, the alignment of an actuator also becomes a positive thing at coincidence. 
Furthermore, alignment can be more certainly carried out by equipping the core of the cross 
direction of the ink container 194 with an actuator 106. When an ink container carries out axial 
rocking a core [ a crosswise center hne ] at the time of wearing to a holder, it is because there are 
few the shakes. 

[0137] Drawing 24 shows the operation gestah of further others of an ink cartridge 180. The 
sectional view which expanded side-attachment-wall 194b of ink cartridge 180C which showed 
d ravviag 24 (A) in the sectional view of ink cartridge 180C, and showed drawing 24 (B) to 
drawing 24 (A), and drawing 24 (C) are the perspective drawing from the transverse plane. Ink 
cartridge 180C is formed on the circuit board 610 with same semi-conductor storage means 7 
and actuator 106. As shown in drawing 24 (B) and (C), the semi-conductor storage means 7 is 
formed above the circuit board 610, and the actuator 1 06 is formed under the semi-conductor 
storage means 7 in the same circuit board 6 1 0. Sidc-attachment-wall 194b is equipped with 
variant O ring 614 so that the perimeter of an actuator 106 may be surrounded. Two or more 
formation of the caulking section 616 for joining the circuit board 610 to the ink container 194 is 
carried out at side-attachment-wall 194b. while the oscillating field of an actuator 106 can be 
made to perform contacting ink by joining the circuit board 610 to the ink container 194, and 
pushing variant O ring 614 against the circuit board 610 by the caulking section 616 ~ the 
exterior and the interior of an ink cartridge — liquid ~ it is kept dense. 

[0138] The terminal 612 is formed in the semi-conductor storage means 7 and semi-conductor 
storage means 7 neighborhood. A terminal 612 delivers the signal between the semi-conductor 
storage means 7 and the exteriors, such as Inkjet storage. The semi-conductor storage means 7 
may be constituted by the rewritable semiconductor memory of EEPROM etc. On the same 
circuit board 610, since it is, the semi-conductor storage means 7 and an actuator 106 end like 1 
time of a shipfitter, formation, now in case an actuator 1 06 and the semi-conductor storage 
means 7 are attached in ink cartridge 180C. Moreover, the routing at the time of manufacture of 
ink cartridge 180C and recycle is simplified. Furthermore, since the mark of components are 
reduced, the manufacturing cost of ink cartridge 180C can be reduced. 
[0139] An actuator 106 detects the consumption condition of the ink in the ink container 194. 
The semi-conductor storage means 7 stores the information on ink, such as an ink residue which 
the actuator 106 detected. That is, the semi-conductor storage means 7 stores the information 
about property parameters, such as the property of the ink used in case it detects, and an ink 
cartridge. The semi-conductor storage means 7 stores the resonance frequency of the time of an 
end, at i.e., the that the ink in the ink container 194 was consumed time, as one of the property 
parameters, when the ink in the ink container 194 is fiill beforehand (i.e., when ink is filled in the 
ink container 194). The ink in the ink container 194 may be stored when, as for the resonance 
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frequency of full or an end condition, an Inkjet recording device is equipped with an ink 
container for the first time. Moreover, as for the resonance frequency of full or an end condition, 
the ink in the ink container 194 may be stored during manufacture of the ink container 194. 
Resonance frequency in case the ink in the ink container 194 is full or an end beforehand is 
stored in the semi-conductor storage means 7, and since dispersion at the time of detecting an ink 
residue by reading the data of resonance frequency by the Inkjet recording apparatus side can be 
amended, it is correctly detectable that the ink residue decreased to the reference value. 
[0140] Drawing 25 shows the operation gestalt of further others of an ink cartridge 180. Ink 
cartridge 180D shown in drawing 25 (A) equips side-attachment-wall 194b of the ink container 
194 with two or more actuators 106. It is desirable to use two or more really fabricated actuators 
106 which were shown in drawing 5 as an actuator 106 of these plurality. Two or more actuators 
106 set spacing in the vertical direction, and are arranged at side-attachment-wall 194b. By 
setting two or more actuators 106 in the vertical direction, and arranging spacing for them in it at 
side-attachment- wall 194b, an ink residue is gradually detectable. 

[0141] Ink cartridge 180E shown in drawing 25 (B) equips side-attachment-wall 194b of the ink 
container 194 with the actuator 606 long in the vertical direction. Change of the ink residue in 
the ink container 194 is continuously detectable in the vertical direction with the long actuator 
606. the die length of an actuator 606 has the die length more than one half of height in side- 
attachment- wall 194b ~ desirable ~ drawing 25 (B) ~ setting ~ an actuator 606 ~ side- 
attachment- wall 194b ~ it has the die length to a lower limit mostly from upper limit. 
[0142] Like ink cartridge 180D shown in drawing 25 (A), ink cartridge 180F shown in drawing 
25 (C) equip side-attachment-wall 194b of the ink container 194 with two or more actuators 106, 
set predetermined spacing to confrontation of two or more actuators 106, and arc equipped with 
the long breaking-the- water wall 192 in the vertical direction. It is desirable to use two or more 
really fabricated actuators 106 which were shown in drawing 5 as an actuator 106 of these 
plurality. The gap filled with ink is formed between an actuator 106 and the breaking-the-water 
wall 192. Moreover, spacing of the breaking-the-water wall 192 and an actuator 106 is vacated 
for extent with which ink is not held according to the capillary tube force. When the ink 
container 194 rolls, the wave of ink occurs in the ink container 194 interior by rolling, a gas and 
air bubbles will be detected by the impact with an actuator 106, and an actuator 106 may 
incorrect-operate by it. By establishing the breaking-the-water wall 192 like this invention, 
****** of the ink of the actuator 106 neighborhood can be prevented and incorrect actuation of 
an actuator 106 can be prevented. Moreover, the air bubbles generated because ink rocks the 
breaking-the-water wall 192 prevent invading into an actuator 106. 

[0143] Drawing 26 shows the operation gestalt of further others of an ink cartridge 180. Ink 
cartridge 180G of drawing 26 (A) have two or more septa 212 caudad prolonged from top-face 
194c of the ink container 194. Since predetermined spacing is vacated, the lower limit of each 
septum 212 and the base of the ink container 194 are opening the pars basilaris ossis occipitalis 
of the ink container 194 for free passage. Ink cartridge 180G have two or more hold rooms 213 
divided as two or more septa 212 be alike, respectively. The pars basilaris ossis occipitalis of two 
or more hold rooms 213 is mutually open for free passage. In each of two or more hold rooms 
213, top-face 194c of the ink container 194 is equipped with the actuator 106. It is desirable to 
use the really fabricated actuator 106 which was shown in drawing 5 as an actuator 106 of these 
plurality, an actuator 106 ~ top-face 194c of the hold room 213 of the ink container 194 ~ it is 
mostly arranged in the center. The capacity of the hold room 213 is becoming small gradually as 
the capacity of the hold room 213 has the largest ink feed hopper 187 side and it keeps away 
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from the ink feed hopper 187 into the ink container 194. Therefore, spacing by which an actuator 
106 is arranged is narrow as the ink feed hopper 187 side is large and keeps away from the ink 
feed hopper 187 into the ink container 194. 

[0144] Since ink is discharged from the ink feed hopper 187 and air enters from an air induction 
inlet 1 85, ink is consumed at the hold room 213 of the direction in the inner part of ink cartridge 
180G from the hold room 213 by the side of the ink feed hopper 187. For example, while the ink 
of the hold room 213 nearest to the ink feed hopper 187 was consumed and the water level of the 
ink of the hold room 213 nearest to the ink feed hopper 1 87 has fallen, ink is filled at other hold 
rooms 213. If all the ink of the hold room 213 nearest to the ink feed hopper 187 is consumed, air 
will count from the ink feed hopper 187, and will trespass upon the 2nd hold room 213, the ink 
in the 2nd hold room 213 will begin to be consumed, and the water level of the ink of the 2nd 
hold room 213 will begin to fall. It counts from the ink supply room 187, and ink is filled at this 
time at the hold room 213 of the 3rd henceforth. Thus, ink is consumed in order at the hold room 
213 distant from the hold room 213 near the ink feed hopper 187. 

[0145] Thus, since an actuator 106 sets spacing to top-face 194c of the ink container 194 and is 
arranged every hold room 213 at it, as for an actuator 106, reduction of the amount of ink is 
gradually detectable. Furthermore, since the capacity of the hold room 213 is becoming small 
gradually into the ink feed hopper 187 to the hold room 213, it can detect frequency highly, so 
that the time interval to which an actuator 106 detects reduction of the amount of ink becomes 
small gradually and approaches an ink end. 

[0146] Ink cartridge 180H ofdm\vmg_ 26 (B) have one septum 212 caudad prolonged from top- 
face 194c of the ink container 194. Since predetermined spacing is vacated, the lower limit of a 
septum 212 and the base of the ink container 194 are opening the pars basilaris ossis occipitalis 
of the ink container 194 for free passage. Ink cartridge 180H have two hold rooms 213a and 
213b divided by the septum 212. The pars basilaris ossis occipitalis of the hold rooms 213a and 
213b is mutually open for free passage. The capacity of hold room 213a by the side of the ink 
feed hopper 1 87 is seen from the ink feed hopper 187, and is larger than the capacity of hold 
room 2 1 3b in the direction of back. As for the capacity of hold room 213b, it is desirable that it is 
smaller than the one half of the capacity of hold room 213a. 

[0147] Top-face 194c of hold room 213b is equipped with an actuator 106. Furthermore, the 
buffer 214 which is the slot which catches the air bubbles into which it goes at the time of 
manufacture of ink cartridge 180H is formed in hold room 213b. In drawing 26 (B), a buffer 214 
is formed as a slot which extends in the upper part from side-attachment- wall 194b of the ink 
container 194. Since the air bubbles which invaded in ink hold room 213b are caught, as for a 
buffer 214, an actuator 106 can prevent an ink end and the incorrect actuation to detect with air 
bubbles. Moreover, ink can be consumed to the last by applying the amendment corresponding to 
the consumption condition of the ink in hold room 213a grasped with the dot counter to the 
amount of ink after an ink near end is detected until it will be in ink and a condition completely 
by forming an actuator 106 in top-face 194c of hold room 213b. Furthermore, the amount of ink 
after ink near end detection which can be consumed is changeable by adjusting the capacity of 
hold room 213b by changing the die length and spacing of a septum 212 etc. 
[0148] As for drawing 26 (C). hold room 213b of ink cartridge 1801 of drawing 26 (B) is filled 
up with the porosity member 216. The porosity member 216 is installed so that the whole space 
from the top face in hold room 213b to an inferior surface of tongue may be filled. The porosity 
member 216 contacts an actuator 106. During the reciprocating motion the time of an ink 
container falling, and on carriage, air may invade in ink hold room 213b, and this may cause 
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incorrect actuation of an actuator 106. However, if it has the porosity member 216, it can prevent 
catching air and air going into an actuator 106. Moreover, since the porosity member 216 holds 
ink, when an ink container shakes, it can prevent applying ink to an actuator 106 and an actuator 
106 incorrect-detecting those without ink with those with ink. As for the porosity member 216, it 
is desirable to install in the hold room 213 where capacity is the smallest. Moreover, by forming 
an actuator 106 in top-face 194c of nature of hold 213b, amendment can be appHed to the 
amount of ink after an ink near end is detected until it will be in ink and a condition completely, 
and ink can be consumed to the last. Furthermore, the amount of ink after ink near end detection 
which can be consumed is changeable by adjusting the capacity of hold room 213b by changing 
the die length and spacing of a septum 212 etc. 

[0149] Drawing 26 (D) shows ink cartridge 180 J from which the porosity member 216 of ink 
cartridge 1801 of drawing 26 (C) is constituted by two kinds of porosity members 216A and 
216B from which an aperture differs. Porosity member 216A is arranged above porosity member 
216B. The aperture of upper porosity member 21 6A is larger than the aperture of lower porosity 
member 216B. Or porosity member 216A is formed by the member with low liquid 
compatibility rather than porosity member 216B. Since the capillary tube force is larger than 
large porosity member 216A of an aperture, the ink in hold room 213b gathers for lower porous 
chamber portion material 216B, and the direction of small porosity member 216B of an aperture 
is held. Therefore, once even an actuator 106 reaches and air detects those without ink, ink will 
reach an actuator again and it will not detect with those with ink. Furthermore, ****** Qf about 
106-actuator ink becomes good by ink being absorbed by porosity member 216B of a side far 
from an actuator 106, and the variation of the acoustic-impedance change when detecting ink 
existence becomes large. Moreover, by forming an actuator 106 in top-face 194c of nature of 
hold 213b, amendment can be applied to the amount of ink after an ink near end is detected until 
it will be in ink and a condition completely, and ink can be consumed to the last. Furthermore, 
the amount of ink after ink near end detection which can be consumed is changeable by adjusting 
the capacity of hold room 213b by changing the die length and spacing of a septum 212 etc. 
[0 1 50] Dravv'ing 27 is the sectional view showing ink cartridge 1 80K which are other operation 
gestalten of ink cartridge 1801 shown in drawj.ng.26 (C). The porosity member 216 of an ink 
cartridge 180 shown in drawing 27 is compressed so that the horizontal cross section of the lower 
part of the porosity member 216 becomes small gradually towards the direction of the base of the 
ink container 194, and it is designed so that an aperture may become small. In order to compress 
ink cartridge 180K of drawing 27 (A) so that the aperture in the direction of under the porosity 
member 216 becomes small, the rib is prepared in the side attachment wall. Since the aperture of 
the porosity member 216 lower part is small by being compressed, ink is collected in the porosity 
member 216 lower part, and is held. By ink being absorbed by the porosity member 216 lower 
part of a side far from an actuator 106, ****** of about 106-actuator ink becomes good, and the 
variation of the acoustic-impedance change when detecting ink existence becomes large. 
Therefore, when ink shakes, ink is applied to the actuator 106 with which ink cartridge 180K top 
face was equipped, it can keep, and an actuator 106 can prevent incorrect-detecting those without 
ink with those with ink. 

[0151] On the other hand, in order that the horizontal cross section of the lower part of the 
porosity member 216 may compress ink cartridge 180L of drawing 27 (B) and drawing 27 (C) in 
the cross direction of the ink container 194 to become small gradually towards the base of the ink 
container 194, the horizontal cross section of a hold room is becoming small gradually towards 
the direction of the base of the ink container 194. Since the aperture of the porosity member 216 
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lower part is small by being compressed, ink is collected in the lower part of the porosity 
member 216, and is held. By ink being absorbed by the lower part of porosity member 216B of a 
side far from an actuator 106, ****** of about 106-actuator ink becomes good, and the variation 
of the acoustic-impedance change when detecting ink existence becomes large. Therefore, when 
ink shakes, ink is applied to the actuator 106 with which the top face of ink cartridge 180L was 
equipped, it can keep, and an actuator 106 can prevent incorrect-detecting those without ink with 
those with ink. 

[0152] Drawing 28 shows the operation gestalt of further others of the ink cartridge which used 
the actuator 106. Ink cartridge 220A of drawing 28 (A) has the 1st septum 222 formed so that it 
might extend from the top face of ink cartridge 220A to a lower part. Since predetermined 
spacing is vacated between the lower limit of the 1st septum 222, and the base of ink cartridge 
220 A, ink can flow into the ink feed hopper 230 through the base of ink cartridge 220 A. From 
the 1st septum 222, the 2nd septum 224 is formed in the ink feed hopper 230 side so that it may 
extend more nearly up than the base of ink cartridge 220A. Since predetermined spacing is 
vacated between the upper limit of the 2nd septum 224, and an ink cartridge 220A top face, ink 
can flow into the ink feed hopper 230 through the top face of ink cartridge 220A. 
[0153] By the 1st septum 222, it sees from the ink feed hopper 230, and 1st hold room 225a is 
formed in the direction in the inner part of the 1st septum 222. On the other hand, by the 2nd 
septum 224, it sees from the ink feed hopper 230, and 2nd hold room 225b is formed in the near 
side of the 2nd septum 224. The capacity of 1st hold room 225a is larger than the capacity of 2nd 
hold room 225b. The capillary tube way 227 is formed by vacating only spacing which can cause 
capillarity between the 1st septum 222 and the 2nd septum 224. Therefore, the ink of 1st hold 
room 225a is brought together in the capillary tube way 227 according to the capillary tube force 
of the capillary tube way 227. Therefore, a gas and air bubbles can prevent mixing to 2nd hold 
room 225b. Moreover, the water level of the ink in 2nd hold room 225b can descend gradually 
stably. Since it sees from the ink feed hopper 230 and 1st hold room 225a is formed in the back 
from 2nd hold room 225b, after the ink of 1st hold room 225a is consumed, the ink of 2nd hold 
room 225b is consumed. 

[0154] The side attachment wall by the side of the ink feed hopper 230 of ink cartridge 220A, 
i.e., the side attachment wall by the side of the ink feed hopper 230 of 2nd hold room 225b, is 
equipped with the actuator 106. An actuator 106 detects the consumption condition of the ink in 
2nd hold room 225b. By equipping the side attachment wall of 2nd hold room 225b with an 
actuator 106, when near, an ink residue is stably detectable with an ink end. Furthermore, it can 
set up freely which time the ink residue in is made into an ink end by changing the height which 
equips the side attachment wall of 2nd hold room 225b with an actuator 106. Since an actuator 
106 is not influenced by the ink by rolling of ink cartridge 220A of rolling when ink is supplied 
to 2nd hold room 225b by the capillary tube way 227 from 1st hold room 225a, an actuator 106 
can measure an ink residue certainly. Furthermore, since the capillary tube way 227 holds ink, 
ink protects flowing backwards to 1st hold room 225a from 2nd hold room 225b. 
[0155] The check valve 228 is formed in the top face of ink cartridge 220A. By the check valve 
228, when ink cartridge 220A rolls, it can prevent ink leaking to the ink cartridge 220A exterior. 
Furthermore, the evaporation from ink cartridge 220A of ink can be prevented by installing a 
check valve 228 in the top face of ink cartridge 220A. If the ink in ink cartridge 220A is 
consumed and the negative pressure in ink cartridge 220A exceeds the pressure of a check valve 
228, a check valve 228 will open, air will be inhaled to ink cartridge 220A, it will close after 
that, and the pressure in ink cartridge 220A will be held uniformly. 
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[0156] Drawing 28 (C) and (D) show the cross section of the detail of a check valve 228. The 
check valve 228 of drawing 28 (C) has the valve 232 which has wing 232a formed of rubber. 
The air hole 233 with the exterior of an ink cartridge 220 counters wing 232a, and is prepared in 
an ink cartridge 220. An air hole 233 is opened and closed by wing 232a. If the ink in an ink 
cartridge 220 decreases in number and, as for a check valve 228, the negative pressure in an ink 
cartridge 220 exceeds the pressure of a check valve 228, wing 232a will open inside an ink 
cartridge 220, and will adopt external air in an ink cartridge 220. The check valve 228 of 
drawing 28 (D) has the valve 232 and spring 235 which were formed of rubber. If the negative 
pressure in an ink cartridge 220 exceeds the pressure of a check valve 228, a valve 232 will press 
and open a spring 235, will inhale external air in an ink cartridge 220, will close a check valve 
228 after that, and it will hold the negative pressure in an ink cartridge 220 uniformly. 
[0157] Ink cartridge 220B of drawing 28 (B) arranges the porosity member 242 to 1st hold room 
225a instead of forming a check valve 228 in ink cartridge 220A of drawing 28 (A). The porosity 
member 242 prevents ink leaking to the exterior of ink cartridge 220B, when ink cartridge 220B 
rolls, while holding the ink in ink cartridge 220B. 

[0158] As mentioned above, in the carriage and the ink cartridge of another object with which 
carriage is equipped, although the case where an ink cartridge or carriage was equipped with an 
actuator 106 was described, it unites with carriage and the ink tank with which an ink jet 
recording apparatus is equipped with carriage may be equipped with an actuator 106. 
Furthermore, the ink tank of the off-carriage method which supplies ink to carriage may be 
equipped with an actuator 106 through the tube of carriage and another object etc. Furthermore, 
the ink cartridge which the recording head and the ink container were united and was constituted 
exchangeable may be equipped with the actuator of this invention. 

[0159] As mentioned above, although this invention was explained using the gestalt of operation, 
the technical range of this invention is not limited to the range given in the gestalt of the above- 
mentioned implementation. Various modification or amelioration can be added to the gestalt of 
the above-mentioned implementation. It is clear fi'om the publication of a claim that the gestalt's 
which added such modification or amelioration it may be contained in the technical range of this 
invention. 
[0160] 

[Effect of the Invention] The piezoelectric device of this invention, a module object, a liquid 
container, and an ink cartridge can detect the residue of a liquid correctly, and its comphcated 
seal structure is unnecessary. Furthermore, the piezoelectric device of this invention, a module 
object, a liquid container, and an ink cartridge can be manufactured cheaply, and its mounting 
nature to a liquid container is also good. 



TECHNICAL FIELD 



[Field of the Invention] This invention is detecting change of an acoustic impedance, and relates 
to the liquid container with which it had the piezoelectric device (actuator) for detecting the 
consumption condition of the liquid in the liquid container which holds liquids, such as ink, by 
detecting change of resonance fi"equency also especially in it. In more detail, the ink of a pressure 
generating room is made equivalent to print data with a pressure generating means, and it 
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pressurizes, and is related with the piezoelectric device suitable for the Inkjet recording 
apparatus which is made to breathe out an ink droplet and is printed from a nozzle orifice, a 
module object, a hquid container, and an ink cartridge. 



PRIOR ART 



[Description of the Prior Art] An Inkjet recording device carries the Inkjet recording head 

equipped with a pressure generating means to pressurize a pressure generating room, and the 
nozzle orifice which carries out the regurgitation of the pressurized ink as an ink droplet from a 
nozzle orifice in carriage. The Inkjet recording device is constituted possible [ continuation of 
printing ], supplying the ink of an ink tank to a recording head through passage. When ink is 
consumed, the ink tank is constituted as a removable cartridge so that a user can exchange easily. 
[0003] Conventionally, there is a method of managing the time of specified quantity 
consumption of the ink actually being carried out etc. the approach of software integrating the 
amount of ink atfracted by the number of regurgitation of the ink droplet in a recording head, or 
maintenance as a management method of ink consumption of an ink cartridge, and managing ink 
consumption by count, and by attaching the electrode for oil-level detection in an ink cartridge. 
[0004] However, the approach of software integrating the number of regurgitation and the 
amount of ink of an ink droplet, and managing ink consumption on count has the problem that an 
error arises according to the printing gestalt in a user side etc., and gross errors arise at the time 
of re-wearing of the same cartridge. Moreover, there was also a problem that the error which the 
pressure in an ink cartridge and the viscosity of ink change with the elapsed time after opening of 
height with a going too far room temperature or an ink cartridge etc., and cannot be disregarded 
between the ink consumption on count and actual consumption will arise by the operating 
environment. Since the method of on the other hand managing the time of ink being consumed 
with an electrode can detect the amount of real of ink, it can manage an ink residue with high 
dependability. However, since it depends for detection of the oil level of ink on the conductivity 
of ink, the class of detectable ink is limited and there is a problem which the seal structure of an 
electrode complicates. Moreover, since noble metals good [ usually ] conductivity and high were 
used as an ingredient of an electrode, there were corrosion resistance and a problem that the 
manufacturing cost of an ink cartridge increased. Furthermore, since it was necessary to equip 
with two elecfrodes, the production process increased and there was also a problem that a 
manufacturing cost will increase as a result. 



EFFECT OF THE INVENTION 

[Effect of the Invention] The piezoelectric device of this invention, a module object, a liquid 
container, and an ink cartridge can detect the residue of a liquid correctly, and its comphcated 
seal structure is iinnecessary. Furthermore, the piezoelectric device of this invention, a module 



SSL-DOCSl 1546887vl 



35 



Machine English translation of JP 2001-146030 



object, a liquid container, and an ink cartridge can be manufactured cheaply, and its mounting 
nature to a liquid container is also good. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Then, this invention aims at offering the piezoelectric 
device and module object which can solve the above-mentioned technical problem, which could 

detect the ink residue correctly and made complicated seal structure unnecessary and with which 
a liquid container is equipped. This purpose is attained by the combination of the description 
given in the independent term in a claim. Moreover, a subordination term specifies the further 
advantageous example of this invention. 



MEANS 



[Means for Solving the Problem] That is, a liquid container is equipped with the piezoelectric 
device in the 1st gestalt of this invention, it is the piezoelectric device which detects the 
consumption condition of the liquid in a liquid container, said piezoelectric device has the 
oscillating section which vibration generates according to deformation of a piezo electric crystal 
component, and, as for the oscillating section, it is desirable to have a synmietrical configuration 
to the core. 

[0007] Moreover, as for the oscillating section of a piezoelectric device, it is desirable to have an 
almost circular configuration. Furthermore, the up electrode prepared in the top face of a piezo- 
electric layer and a piezo-electric layer, the lower electrode prepared in the inferior surface of 
tongue of a piezo-electric layer, and a top face touch a lower electrode, a piezoelectric device is 
equipped with the diaphragm with which at the bottom [ a part of] contacts the liquid in a liquid 
container, and, as for the oscillating section, it is desirable that some of a piezo-electric layer, up 
electrodes, lower electrodes, and each diaphragms [ at least ] are included. Furthermore, it is 
desirable that each principal piece of a piezo-electric layer, an up electrode, and a lower 
electrode is the oscillating section and the configuration where a concentric circle is almost 
circular. 

[0008] Moreover, as for a piezoelectric device, it is desirable to have a cavity in contact with a 
liquid in the location where a top face touches the inferior-surface-of-tongue side in contact with 
the liquid of a diaphragm, an inferior surface of tongue is fiirther equipped with the substrate in 
contact with the liquid in a liquid container, and a substrate faces the oscillating section. As for a 
cavity, it is desirable the oscillating section and that it is the circle configuration of a concentric 
circle mostly. Moreover, it is desirable that deformation of the diaphragm by residual vibration is 
larger than deformation of a substrate. The knot of vibration of the oscillating section may be 
located near the periphery section of a cavity. As for a piezoelectric device, it is desirable that a 
top face touches the inferior-surface-of-tongue side in contact with the liquid of a diaphragm, 
have fiirther the attachment member an inferior surface of tongue turns [ member ] to the inside 
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of a liquid container, and an attachment member has opening in the core of the oscillating 
section. Furthermore, it is desirable that it is the liquid container with which it was equipped with 
the above-mentioned piezoelectric device. 

[0009] As for the module object in the 2nd gestalt of this invention, it is desirable to have the 
attachment structure united with the above-mentioned piezoelectric device and the piezoelectric 
device for attaching a piezoelectric device in a liquid container. 

[0010] The core of the oscillating section may be arranged on the center line of the overhang 
section including the overhang section which the attachment structure juts out inside a liquid 
container. Furthermore, the overhang section may be a cylindrical shape. You may have further 
the terminal which gives a driving signal to the up electrode and lower electrode of a 
piezoelectric device. Moreover, it is desirable that it is the liquid container with which it was 
equipped with the above-mentioned module object. Moreover, you may be the ink cartridge 
which holds the ink supplied to an Inkjet recording apparatus in the above-mentioned liquid 
container. 

[001 1] In addition, the outline of the above-mentioned invention is not what enumerated all the 
required descriptions of this invention, and the subcombination of these characterizing group can 
also be invented. 
[0012] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail through the 
gestalt of implementation of invention. Not all the combination of the description of the 
following operation gestahen that do not limit invention concerning a claim and are explained in 
the operation gestalt is necessarily indispensable for the solution means of invention. 
[0013] The underlying concept of this invention is using an oscillating phenomenon, and is 
detecting the condition (the existence of the liquid in a liquid container, the amount of a liquid, 
the water level of a liquid, the class of liquid, and the presentation of a Uquid being included) of 
the Kquid in a liquid container. Some approaches can be considered as detection of the condition 
of the liquid in the liquid container using a concrete oscillating phenomenon. For example, an 
elastic wave generating means generates an elastic wave to the interior of a liquid container, and 
there is a method of detecting the medium in a liquid container and change of the condition by 
receiving the reflected wave reflected with an oil level or the wall which counters. Moreover, 
there is also the approach of detecting change of an acoustic impedance apart from this from the 
oscillation characteristic of the vibrating body. As an approach of using change of an acoustic 
impedance By vibrating the oscillating section of the piezoelectric device or actuator which has a 
piezoelectric device, and measuring back EMF produced by the residual vibration which remains 
in the oscillating section after that The approach of detecting change of an acoustic impedance 
by detecting resonance frequency or the back EMF wave amplitude, The impedance 
characteristic or admittance property of a liquid is measured with impedance analyzers, such as a 
measurement machine, for example, a propagation circuit etc., and there is the approach of 
measuring change by the frequency of the current value when giving a current value, an 
electrical-potential-diflference value change, or vibration to a liquid or an electrical-potential- 
difference value. Hereafter, the detail of the principle of operation of a piezoelectric device or an 
actuator is explained. 

[0014] Drawing 1 and drawing 2 show the detail and equal circuit of an actuator 106 which are 1 
operation gestalt of a piezoelectric device. An actuator here is used for the approach of detecting 
change of an acoustic impedance at least and detecting the consumption condition of the liquid in 
a liquid container. It is used for the approach of detecting change of an acoustic impedance at 
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least and detecting the consumption condition of the liquid in a liquid container because 
resonance frequency detects by residual vibration especially. Drawing 1 (A) is the expansion top 
view of an actuator 106. Drawing 1 (B) shows the B-B cross section of an actuator 106. Drawing 
i (C) shows the C-C cross section of an actuator 106. Furthermore, drawin g 2 (A) and drawing 2 
(B) show the equal circuit of an actuator 106. Moreover, d rawin g 2 (C) and drawin g 2 (D) show 
the circumference containing the actuator 106 when ink is filled in the ink cartridge, respectively, 
and its equal circuit, and drawing 2 (E) and drawing 2 (F) show the circumference containing the 
actuator 106 in case there is no ink into an ink cartridge, respectively, and its equal circuit. 
[0015] The substrate 178 with which an actuator 106 has the opening 161 of a circle 
configuration in the center mostly, The diaphragm 176 arranged in one field (henceforth a front 
face) of a substrate 178 so that opening 161 may be covered, The piezo-electric layer 160 
arranged at the front-face side of a diaphragm 176, and the up electrode 164 and the lower 
electrode 166 which inserts the piezo-electric layer 160 from both, It has the auxiliary electrode 
172 which is arranged between the up electrode terminal 168 electrically combined with the up 
electrode 164, the lower electrode terminal 170 electrically combined with the lower electrode 
166, and the up electrode 164 and the up electrode terminal 168, and combines both electrically. 
The piezo-electric layer 160, the up electrode 164, and the lower elecfrode 166 have a circular 
part as each principal part. Each circular part of the piezo-electric layer 160, the up elecfrode 
164, and the lower elecfrode 166 forms a piezoelectric device. 

[0016] A diaphragm 176 is formed in the front face of a substrate 178 so that opening 161 may 
be covered. A cavity 162 is formed of the opening 161 of a diaphragm 176, the facing part, and 
the opening 161 of the front face of a substrate 178. With the piezoelectric device of a substrate 
178, the field (henceforth a rear face) of the opposite side faces the hquid-container side, and the 
cavity 162 is constituted so that a liquid may be contacted, even if a liquid enters in a cavity 162, 
a liquid does not leak to the front-face side of a subsfrate 178 ~ as ~ a diaphragm 176 ~ a 
subsfrate 178 ~ receiving ~ liquid ~ it is attached densely. 

[0017] The front face of a diaphragm 176, i.e., a liquid container, is located in the field of the 
opposite side, and the lower electrode 166 is attached so that the core of a circular part and the 
core of opening 161 which are the principal part of the lower electrode 166 may be mostly in 
agreement. In addition, it is set up so that the area of the circular part of the lower electrode 166 
may become smaller than the area of opening 161. On the other hand, the piezo-electric layer 
160 is formed in the front-face side of the lower electrode 166 so that the core of the circular part 
and the core of opening 161 may be mostly in agreement. The area of the circular part of the 
piezo-electric layer 160 is set up so that it may become larger than the area of the circular part of 
the lower electrode 166 smaUer than the area of opening 161 . 

[0018] On the other hand, it is formed in the front-face side of the piezo-electric layer 160 so that 
the core of a circular part and the core of opening 161 that the up electrode 164 is the principal 
part may be mostly in agreement. The area of the circular part of the up elecfrode 164 is set up so 
that it may become larger than the area of the circular part of the lower elecfrode 166 smaller 
than the area of the circular parts of opening 161 and the piezo-electric layer 160. 
[0019] Therefore, the principal part of the piezo-electric layer 160 has structure inserted and 
crowded from a front-face and rear-face side, respectively by the principal part of the up 
elecfrode 164, and the principal part of the lower electrode 166, and can carry out the 
deformation drive of the piezo-electric layer 160 effectively. The circular part which is each 
principal part of the piezo-electric layer 160, the up elecfrode 164, and the lower electrode 166 
forms the piezoelectric device in an actuator 106. The piezoelectric device is in contact with the 
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diaphragm 176 as mentioned above. Moreover, opening 161 has the largest area among the 
circular parts of the circular parts of the circular part of the up electrode 164, and the piezo- 
electric layer 160, and the lower electrode 166, and opening 161. The oscillating field which 
actually vibrates among diaphragms 176 according to this structure is determined by opening 
161 . Moreover, since the circular parts of the circular part of the up electrode 164 and the piezo- 
electric layer 160 and the circular part of the lower electrode 166 have an area smaller than 
opening 161, a diaphragm 176 becomes easier to vibrate. Furthermore, the circular part of the 
lower electrode 166 is smaller among the circular part of the lower electrode 166 electrically 
connected with the piezo-electric layer 160, and the circular part of the up electrode 164. 
Therefore, the circular part of the lower terminal 166 determines the part which generates the 
piezo-electric effect among the piezo-electric layers 160. 

[0020] Therefore, the principal part of the piezo-electric layer 160 has structure inserted and 
crowded from a front-face and rear-face side, respectively by the principal part of the up 

electrode 164, and the principal part of the lower electrode 166, and can carry out the 
deformation drive of the piezo-electric layer 160 effectively. The circular part which is each 
principal part of the piezo-electric layer 160, the up electrode 164, and the lower electrode 166 
forms the piezoelectric device in an actuator 106. The piezoelectric device is in contact with the 
diaphragm 176 as mentioned above. Moreover, opening 161 has the largest area among the 
circular parts of the circular parts of the circular part of the up elecfrode 164, and the piezo- 
electric layer 160, and the lower electrode 166, and opening 161. The oscillating field which 
actually vibrates among diaphragms 176 according to this structure is determined by opening 
161. Moreover, since the circular parts of the circular part of the up electrode 164 and the piezo- 
electric layer 160 and the circular part of the lower electrode 166 have an area smaller than 
opening 161, a diaphragm 176 becomes easier to vibrate. Furthermore, the circular part of the 
lower elecfrode 166 is smaller among the circular part of the lower elecfrode 166 electrically 
connected with the piezo-electric layer 160, and the circular part of the up electrode 164. 
Therefore, the circular part of the lower terminal 1 66 determines the part which generates the 
piezo-electric effect among the piczo-clcctric layers 160. 

[0021] The core of the circular parts of the piezo-elecfric layer 160 which forms a piezoelectric 
device, the up electrode 164, and the lower electrode 166 corresponds with the core of opening 
161 mostly, moreover, the core of the opening 161 of a circle configuration of determining the 
vibrating part of a diaphragm 176 ~ an actuator 106 - it is mostly prepared in the core. 
Therefore, the core of the oscillating section of an actuator 106 is mostly in agreement with the 
core of an actuator. Furthermore, since the principal piece of a piezoelectric device and the 
vibrating part of a diaphragm 176 have a circular configuration, the oscillating section of an 
actuator 106 is a symmetrical configuration to the core of an actuator 106. 
[0022] Since the oscillating section is a symmetrical configuration, it can be prevented from 
exciting an unnecessary vibration produced from the asymmetry of structure to the core of an 
actuator 106. Therefore, the detection precision of resonance frequency improves. Furthermore, 
to an actuator core, since the oscillating section is a symmetrical configuration, it is easy to 
manufacture it and it can make small dispersion in the configuration for every piezoelectric 
device. Therefore, dispersion in the resonance frequency for every piezoelectric device becomes 
small. Moreover, since the oscillating section is an isotropic configuration, it is hard to be 
infiuenced of dispersion in immobilization in the case of adhesion. A liquid container is pasted 
equally. Therefore, the mounting nature to the liquid container of an actuator 106 is good. 
[0023] Furthermore, since the vibrating part of a diaphragm 176 has a circular configuration, in 
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the resonance mode of the residual vibration of the piezo-electric layer 160, the resonance mode 
of a low degree, for example, primary, becomes dominant, and a single peak appears. Therefore, 
since a peak and a noise are clearly distinguishable, resonance frequency is clearly detectable. 
Moreover, by enlarging area of the vibrating part of the diaphragm 176 of a circular 
configuration, the difference of the back EMF wave amplitude and the amplitude of the 
resonance frequency by the existence of a Uquid becomes large, and can improve the precision of 
detection of resonance frequency further. 

[0024] The variation rate by vibration of a diaphragm 176 is farther [ than the variation rate by 
vibration of a substrate 178 ] large. Compliance is small, namely, an actuator 106 has the two- 
layer structure of the substrate 178 which is hard to displace by vibration, and the diaphragm 176 
which compliance is large, namely, is easy to displace by vibration. According to this two-layer 
structure, since the variation rate of the diaphragm 176 by vibration can be enlarged certainly 
being fixed to a liquid container by the substrate 178, the difference of the back EMF wave 
amplitude and the amplitude of the resonance fi-equency by the existence of a liquid becomes 
large, and the precision of detection of resonance fi-equency can be improved. Furthermore, since 
the compliance of a diaphragm 176 is large, attenuation of vibration becomes small and the 
precision of detection of resonance frequency can be improved. Moreover, the knot of vibration 
of an actuator 106 is located near the edge of the periphery section 161 of a cavity 162, i.e., 
opening. 

[0025] The up elecfrode terminal 168 is formed in the front-face side of a diaphragm 176 so that 
it may connect with the up elecfrode 164 electrically through an auxiliary elecfrode 172. On the 
other hand, the lower elecfrode terminal 170 is formed in the front-face side of a diaphragm 176 
so that it may connect with the lower electrode 1 66 electrically. Since the up electrode 164 is 
formed in the front-face side of the piezo-electric layer 160, it needs to have a level difference 
equal to the sum of the thickness of the piezo-electric layer 160, and the thickness of the lower 
elecfrode 166 while connecting with the up elecfrode terminal 168. The connection condition of 
the up electrode 164 and the up electrode terminal 168 becomes weak, and forming this level 
difference only with the up electrode 164 has risk of cutting, even if it is difficuU and possible in 
a loan. Then, the up electrode 164 and the up electrode terminal 168 are connected, using an 
auxiliary electrode 172 as an auxiliary member. It becomes possible for the piezo-electric layer 
160 and the up electrode 164 to serve as structure supported by the auxiliary electrode 172, and 
to be able to obtain a desired mechanical sfrength, and to ensure connection between the up 
elecfrode 164 and the up elecfrode terminal 168 by doing in this way. 

[0026] In addition, the oscillating field which faces a piezoelectric device and the piezoelectric 
device of the diaphragms 176 is the oscillating section which actually vibrates in an actuator 106. 
Moreover, as for the member contained in an actuator 106, being formed in one is desirable by 
being calcinated mutually. By forming an actuator 106 in one, the handling of an actuator 106 
becomes easy. Furthermore, an oscillation characteristic improves by raising the reinforcement 
of a subsfrate 178. That is, by raising the reinforcement of a subsfrate 178, only the oscillating 
section of an actuator 106 vibrates and any parts other than the oscillating section do not vibrate 
among actuators 106. Moreover, in order for any parts other than the oscillating section of an 
actuator 106 not to vibrate, it can attain by making the piezoelectric device of an actuator 106 
thinly and small, and making a diaphragm 176 thin to raising the reinforcement of a substrate 
178. 

[0027] It is desirable to use the lead loess piezoelectric film which does not use PZT (PZT), the 
PZT lanthanum (PLZT), or lead as an ingredient of the piezo-electric layer 160, and it is 
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desirable to use a zirconia or an alumina as an ingredient of a substrate 178. Moreover, it is 
desirable to use the same ingredient as a substrate 178 for a diaphragm 176. Metals, such as the 
ingredient which has conductivity, for example, gold, silver, copper, platinum, aluminum, and 
nickel, can be used for the up electrode 164, the lower electrode 166, the up electrode terminal 
168, and the lower electrode terminal 170. 

[0028] The actuator 106 constituted as mentioned above is applicable to the container which 
holds a hquid. For example, the container which held the penetrant remover for washing the ink 
cartridge and ink tank which are used for an Inkjet recording apparatus, or a recording head can 
be equipped. 

[0029] The predetermined location of a liquid container is equipped with the actuator 106 shown 
in drawing 1 and drawing 2 so that the liquid held in a liquid container in a cavity 162 may be 
contacted. When the liquid is fully held in the liquid container, the inside of a cavity 162 and its 
outside are filled by the liquid. On the other hand, if the liquid of a liquid container is consumed 
and an oil level descends below to the stowed position of an actuator, a liquid does not exist in a 
cavity 162, or a liquid remains only in a cavity 162, and it will be in the condition that a gas 
exists on the outside. An actuator 106 detects the difference of an acoustic impedance as it is [ 
originating in change of this condition, and ] few. By it, an actuator 106 can detect whether it is 
in the condition that the liquid is fully held in the liquid container, or it is in the condition that a 
certain hquid more than fixed was consumed. Furthermore, an actuator 106 can also detect the 
class of liquid in a liquid container. 

[0030] Here explains the principle of the oil-level detection by the actuator. 
[0031] In order to detect change of the acoustic impedance of a medium, the impedance 
characteristic or admittance property of a medium is measured. A propagation circuit can be used 
when measuring an impedance characteristic or an admittance property. A propagation circuit 
impresses a fixed electrical potential difference to a medium, and measures the current which 
changes a frequency and flows to a medium. Or a propagation circuit supplies a fixed current to a 
medium, and measures the electrical potential difference which changes a frequency and is 
impressed to a medium. The current value or clcctrical-potcntial-diffcrcncc value change 
measured by the propagation circuit shows change of an acoustic impedance. Moreover, change 
of the frequency fm from which a current value or an electrical-potential-difference value serves 
as the maximum or the minimum also shows change of an acoustic impedance. 
[0032] Apart from the above-mentioned approach, an actuator can detect change of the acoustic 
impedance of a liquid using change of only resonance frequency. A piezoelectric device can be 
used, when using the approach of detecting resonance frequency by measuring back EMF 
produced by the residual vibration which remains in the oscillating section, as an approach of 
using change of the acoustic impedance of a liquid after the oscillating section of an actuator 
vibrates. A piezoelectric device is a component which generates back EMF by the residual 
vibration which remains in the oscillating section of an actuator, and the magnitude of back EMF 
changes with the amplitude of the oscillating section of an actuator. Therefore, it is easy to carry 
out detection, so that the amplitude of the oscillating section of an actuator is large. Moreover, 
the period from which the magnitude of back EMF changes with the frequencies of the residual 
vibration in the oscillating section of an actuator changes. Therefore, the frequency of the 
oscillating section of an actuator is equivalent to the frequency of back EMF. Here, resonance 
frequency says the frequency in the resonance state with the medium which touches the 
oscillating section and the oscillating section of an actuator. 

[0033] In order to obtain resonance frequency fs, the Fourier transform of the wave acquired by 
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the back EMF measurement in case the oscillating section and a medium are the resonance state 
is carried out. Since vibration of an actuator is accompanied not by deformation of only an one 
direction but by various deformation, such as a deflection and expanding, it has various 
frequencies including resonance frequency fs. Therefore, the Fourier transform of the wave of 
back EMF in case a piezoelectric device and a medium are the resonance state is carried out, and 
resonance frequency fs is judged by specifying the most dominant frequency component. 
[0034] The admittance of a medium of a frequency fm is a frequency in case the maximum or an 
impedance is the minimum. If it is resonance frequency fs, a frequency fin will produce few 
errors to resonance frequency fs by dielectric loss or a mechanical loss of a medium etc. 
However, since time and effort is taken, generally deriving resonance frequency fs from the 
frequency fin surveyed replaces with and uses a frequency fin for resonance frequency. Here, an 
actuator 106 can detect an acoustic impedance at least in inputting the output of an actuator 106 
into a propagation circuit. 

[0035] It is proved to be the approach of measuring resonance frequency fs by experiment by 
measuring the approach of measuring the impedance characteristic or admittance property of a 
medium, and measuring a frequency fm, and back EMF produced by residual vibration vibration 
in the oscillating section of an actuator that there is almost no difference in the resonance 
frequency specified as be alike. 

[0036] The oscillating field of an actuator 106 is a part which constitutes the cavity 162 
determined by opening 161 among diaphragms 176. When the liquid is fully held in the liquid 
container, in a cavity 162, a liquid is filled and an oscillating field contacts the liquid in a liquid 
container. On the other hand, when there is no enough liquid into a liquid container, an 
oscillating field does not contact a liquid in contact with the liquid which remained in the cavity 
in a liquid container, but contacts a gas or a vacuum. 

[0037] A cavity 162 is formed in the actuator 106 of this invention, and it can design so that the 
liquid in a liquid container may remain in the oscillating field of an actuator 106 by it. The 

reason is as follows. 

[0038] Although there is an oil level of the liquid in a liquid container caudad depending on [ 
stowed position / of an actuator ] whenever [ installation location / to the liquid container of an 
actuator /, or setting-angle ], a liquid may adhere to the oscillating field of an actuator. When the 
actuator has detected the existence of a liquid only by the existence of the liquid in an oscillating 
field, the liquid adhering to the oscillating field of an actuator bars exact detection of the 
existence of a liquid, for example, the time of the condition that there is an oil level caudad rather 
than the stowed position of an actuator ~ both-way migration of carriage etc. ~ a liquid container 
~ rocking ~ a liquid ~ a wave — inside, if a drop adheres to an oscillating field, an actuator will 
make a judgment which if liquids of enough are in a liquid container mistook. Then, malfunction 
of an actuator can be prevented, even if it is the case where a liquid is remained conversely there 
and an oil level is [ a liquid container rocks and ] choppy by preparing positively the cavity 
designed so that the existence of a liquid might be detected correctly. Thus, malfunction can be 
prevented by using the actuator which has a cavity. 

[0039] Moreover, as shown in drawing 2 (E), there is no liquid into a liquid container and let the 
case where the liquid in a liquid container remains in the cavity 162 of an actuator 106 be the 
threshold of the existence of a liquid. That is, there is no liquid around a cavity 162 and it judges 
that he has no ink when there are few liquids in a cavity than this threshold, a liquid is around a 
cavity 162, and when there are more liquids than this threshold, it is judged as those with ink. 
For example, when the side attachment wall of a liquid container is equipped with an actuator 
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106, the case where the hquid in a liquid container is below the stowed position of an actuator is 
judged to have no ink, and the case where the liquid in a liquid container is above the stowed 
position of an actuator is judged to be those with ink. Thus, even if it is a time of the ink in a 
cavity drying and ink being lost by setting up a threshold, it judges that he has no ink, and since a 
threshold is not exceeded even if ink adheres to a cavity again in the shake of carriage etc. at the 
place whose ink in a cavity was lost, it can be judged that he has no ink. 
[0040] Here, the actuation and the principle which detect the condition of the liquid in a liquid 
container from the resonance frequency of the medium and the oscillating section of an actuator 
106 by measurement of back EMF are explained, referring to drawing 1 and drawing 2 . In an 
actuator 106, an electrical potential difference is impressed to the up electrode 164 and the lower 
electrode 166 through the up electrode terminal 168 and the lower electrode terminal 170, 
respectively. Electric field arise into the part pinched by the up electrode 164 and the lower 
electrode 166 among the piezo-electric layers 160. The piezo-electric layer 160 deforms by the 
electric field. When the piezo-electric layer 160 deforms, the oscillating field of the diaphragms 
176 oscillates flexurally. After the piezo-electric layer 160 deforms, flexural oscillation remains 
in the oscillating section of an actuator 106 for the time being. 

[0041] Residual vibration is the free vibration of the oscillating section of an actuator 106, and a 
medium. Therefore, by making into pulse shape or a square wave the electrical potential 
difference impressed to the piezo-electric layer 160, afl;er impressing an electrical potential 
difference, the resonance state of the oscillating section and a medium can be acquired easily. 
Residual vibration also deforms the piezo-electric layer 160 in order to vibrate the oscillating 
section of an actuator 106. Therefore, the piezo-electric layer 160 generates back EMF. The back 
EMF is detected through the up electrode 164, the lower electrode 166, the up electrode terminal 
168, and the lower electrode terminal 170. Since resonance frequency can be specified, the 
condition of the liquid in a liquid container is detectable with detected back EMF. 
[0042] Generally, it is resonance frequency fs. fs=l/(2*pi*(M*Cact) 1/2) (formula 1) 
It is come out and expressed. Here, M is the sum of the inertance Mact of the oscillating section, 
and addition inertance M'. Cact is the compliance of the oscillating section. 
[0043] Dra wing 1 (C) is the sectional view of the actuator 106 when ink does not remain in a 
cavity in this example. Drawing 2 (A) and drawing 2 (B) are the oscillating section of the 
actuator 106 when ink does not remain in a cavity, and the equal circuit of a cavity 162. 
[0044] Mact should ** the product of the thickness of the oscillating section, and the consistency 
of the oscillating section in the area of the oscillating section, and should show it further to a 
detail at drawing 2 (A). Mact=Mpzt+Melecfrodel+Melecfrode2+Mvib (formula 2) 
It is expressed. Here, Mpzt ** the product of the thickness of the piezo-electric layer 160 and the 
consistency of the piezo-electric layer 160 in the oscillating section in the area of the piezo- 
electric layer 160. Melectrodel ** the product of the thickness of the up electrode 164 and the 
consistency of the up elecfrode 164 in the oscillating section in the area of the up elecfrode 164. 
Melecfrode2 ** the product of the thickness of the lower elecfrode 166 and the consistency of the 
lower electrode 166 in the oscillating section in the area of the lower elecfrode 166. Mvib ** the 
product of the thickness of a diaphragm 176 and the consistency of a diaphragm 176 in the 
oscillating section in the area of the oscillating field of a diaphragm 176. However, in this 
example, although each area of the oscillating field of the piezo-electric layer 160, the up 
electrode 164, the lower elecfrode 166, and a diaphragm 176 has the above size relation, a 
minute thing is desirable [ the difference of a mutual area ], so that Mact can be computed from 
the thickness, the consistency, and area as the whole oscillating section. Moreover, as for parts 
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other than the circular part which are those principal parts, in this example, it is desirable in the 
piezo-electric layer 160, the up electrode 164, and the lower electrode 166 that it is so minute 
that it can ignore to the principal part. Therefore, in an actuator 106, Mact is the sum of each 
inertance of the up electrode 164, the lower electrode 166, the piezo-electric layer 160, and the 
oscillating field of the diaphragms 176. Moreover, Compliance Cact is the compliance of the part 
formed of the up electrode 164, the lower electrode 166, the piezo-electric layer 160, and the 
oscillating field of the diaphragms 176. 

[0045] In addition, although drawing 2 (A), drawing 2 (B), drawing 2 (D), and drawing 2 (F) 
show the oscillating section of an actuator 106, and the equal circuit of a cavity 162, in these 
equal circuits, Cact shows the compliance of the oscillating section of an actuator 106. Cpzt, 
Celectrodel and Celectrode2, and Cvib show the compliance of the piezo-electric layer 160 in 
the oscillating section, the up electrode 164, the lower electrode 166, and a diaphragm 176, 
respectively. Cact is expressed with the following formulas 3. 
[0046] 

1-/Cact=(l-/Cpzt) +(1 -/Celectrodel) +(l-/Celectrode2)+ (1-/Cvib) (formula 3) 

From a formula 2 and a formula 3, drawing 2 (A) can also be expressed like drawing 2 (B). 

[0047] Compliance Cact expresses the volume which can receive a medium according to the 

deformation when putting a pressure on the unit area of the oscillating section. Moreover, 

Compliance Cact may say that it expresses the ease of carrying out of deformation. 

[0048] A liquid is fully held in a liquid container and drawing 2 (C) shows the sectional view of 

the actuator 106 in case the liquid is filled around the oscillating field of an actuator 106. A 

liquid is fully held in a liquid container and M'max of drawing 2 (C) expresses the maximum of 

an addition inertance in case the liquid is filled around the oscillating field of an actuator 106. 

M'max is [0049]. 

M'max=(pi*rho/(2*k3)) * (2*(2*k*a) 3/(3*pi))/(pi*a 2) 2 (formula 4) 

(a is [ the consistency of a medium and k of the radius of the oscillating section and rho ] the 

wave numbers.) 

[0050] It is come out and expressed. In addition, a formula 4 is materialized when the radius a of 
the oscillating field of an actuator 106 is circular. Addition inertance M' is an amount which 
shows that the mass of the oscillating section is increasing seemingly according to an operation 
of the medium near the oscillating section. As shown in a formula 4, M'max changes with the 
radius a of the oscillating section, and the consistencies rho of a medium a lot. 
[0051] The wave number k is k=2* pi*fact/c. (formula 5) 

(fact is the resonance frequency of the oscillating section when the liquid is not touching.) c is 

the rate of the sound which spreads the inside of a medium. 
[0052] It is come out and expressed. 

[0053] A hquid is fully held in a liquid container and drawing 2 (D) shows the oscillating section 
of the actuator 106 in the case of being drawing 2 (C) with which the liquid is filled around the 
oscillating field of an actuator 106, and the equal circuit of a cavity 162. 

[0054] Although the liquid of a liquid container is consumed and drawing 2 (E) does not have a 
liquid around the oscillating field of an actuator 106, in the cavity 162 of an actuator 106, the 
sectional view of the actuator 106 when the liquid remains is shown. A formula 4 is a formula 
showing the greatest inertance M'max determined from the consistency rho of ink etc., when the 
liquid is filled by the liquid container. It is [0055] when the hquid around the oscillating field of 
an actuator 106 becomes a gas or a vacuum on the other hand, the liquid in a liquid container 
having been consumed and a liquid remaining in a cavity 162. M'= rho*t/S (formula 6) 
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It can express, t is the thickness of the medium in connection with vibration. S is the area of the 
osciUating field of an actuator 106. It is S=pi*a 2 when the radius a of this oscillating field is 
circular. Therefore, addition inertance M' follows a formula 4, when a hquid is fully held in a 
liquid container and the liquid is filled around the oscillating field of an actuator 106. On the 
other hand, a liquid is consumed, and a formula 6 is followed when the liquid around the 
oscillating field of an actuator 106 becomes a gas or a vacuum, a liquid remaining in a cavity 
162. 

[0056] Here, although the liquid of a liquid container is consumed and there is no liquid around 
the oscillating field of an actuator 106 like drawing 2 (E), addition inertance M' when the liquid 
remains in the cavity 162 of an actuator 106 is made into M'cav for convenience, and it 
distinguishes from addition inertance M'max in case the liquid is filled around the oscillating 
field of an actuator 106. 

[0057] Although the liquid of a liquid container is consumed and drawing 2 (F) does not have a 
liquid around the oscillating field of an actuator 106, in the cavity 162 of an actuator 106, the 
oscillating section of the actuator 106 in the case of being drawing 2 (E) in which the liquid 
remains, and the equal circuit of a cavity 162 are shown. 

[0058] Here, the parameters related to the condition of a medium are the consistency rho of a 
medium, and thickness [ of a medium ] t in a formula 6. When the liquid is fully held in the 
liquid container, a liquid contacts the oscillating section of an actuator 106, when the liquid is not 
fully held in the liquid container, a liquid remains inside a cavity or a gas or a vacuum contacts 
the oscillating section of an actuator 106. The surrounding liquid of an actuator 106 is consumed, 
if the addition inertance in the process which shifts to M'cav of drawing 2 (E) from M'max of 
drawing 2 (C) is made into M'var, since thickness t of the consistency rho of a medium and a 
medium changes, addition inertance M'var will change and resonance frequency fs will also 
change with the hold conditions of the liquid in a liquid container. Therefore, the existence of the 
liquid in a liquid container is detectable by specifying resonance frequency fs. When M'cav is 
expressed using a formula 6, depth d of a cavity is substituted for t of a formula 6, and it is 
[0059]. 

M'cav=rho*d/S (formula 7) 
It becomes. 

[0060] Moreover, since a consistency rho changes with differences in a presentation even if a 
medium is a hquid with which classes differ mutually, addition inertance M' changes and 
resonance frequency fs also changes. Therefore, the class of liquid is detectable by specifying 
resonance frequency fs. In addition, when either ink or air contacts and it is not intermingled in 

the oscillating section of an actuator 106, the difference of M' can be detected even if it 
calculates by the formula 4. 

[0061] Drawing 3 (A) is a graph which shows relation with the resonance frequency fs of the 
amount of the ink in an ink tank, ink, and the oscillating section. Here, ink is explained as one 
example of a liquid. An axis of ordinate shows resonance frequency fs, and an axis of abscissa 
shows the amount of ink. When an ink presentation is fixed, resonance frequency fs rises with 
the fall of an ink residue. 

[0062] When ink is fully held in an ink container and ink is filled around the oscillating field of 
an actuator 106, the maximum addition inertance M'max serves as a value expressed to a formula 
4. On the other hand, ink is consumed, and when ink is not filled around the oscillating field of 
an actuator 106, a liquid remaining in a cavity 162, addition inertance M'var is computed by the 
formula 6 based on thickness t of a medium, t in a formula 6 can also detect the process in which 
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ink is gradually consumed by being small in d (referring to drawing 1 (B)) of the cavity 162 of 
an actuator 106, namely, making a substrate 178 thin enough since it is the thickness of the 
medium in connection with vibration (refer to drawing 2 (C)). Here, tink considers as the 
thickness of the ink in connection with vibration, and sets tink-max to tink in M'max. For 
example, an actuator 106 is arranged almost horizontally to the oil level of ink on the base of an 
ink cartridge. If ink is consumed and the oil level of ink reaches below the height of t from an 
actuator 106, M'var will change with formulas 6 gradually and resonance frequency fs will 
change with formulas 1 gradually. Therefore, as long as the oil level of ink is within the limits of 
t, as for an actuator 106, the consumption condition of ink is detectable gradually. 
[0063] Moreover, according to the location of the oil level by consumption of ink, S in a formula 
6 changes by making the oscillating field of an actuator 106 greatly or long, and arranging 
perpendicularly. Therefore, an actuator 106 can also detect the process in which ink is consumed 
gradually. For example, an actuator 106 is arranged almost perpendicularly to the oil level of ink 
on the side attachment wall of an ink cartridge. If ink is consumed and the oil level of ink arrives 
at the oscillating field of an actuator 106, since addition inertance M' will decrease with the faU 
of water level, resonance frequency fs increases gradually by the formula 1 . Therefore, as for an 
actuator 106, the oil level of ink can detect the consumption condition of ink gradually, as long 
as it is within the limits of path 2a (refer to drawing 2 (C)) of a cavity 162. 
[0064] The curve X of drawing 3 (A) expresses relation with the resonance frequency fs of the 
amount of the ink held in the ink tank the case where the cavity 162 of an actuator 106 is made 
shallow enough, and at the time of making the oscillating field of an actuator 106 greatly enough 
or long, ink, and the oscillating section. While the amount of the ink in an ink tank decreases, he 
can understand signs that the resonance frequency fs of ink and the oscillating section changes 
gradually. 

[0065] The case where the process in which ink is consumed gradually is detectable in a detail is 
a case where both the liquids and gases from which a consistency differs mutually exist, and it is 
concerned with vibration, in the circumference of the oscillating field of an actuator 106 more. 
While liquids decrease in number, a gas increases the medium on the circumference of an 
oscillating field of an actuator 106, and in connection with vibration, as ink is consumed 
gradually. For example, it is the case where an actuator 106 is horizontally arranged to the oil 
level of ink, and when tink is smaller than tink-max, the medium in connection with vibration of 
an actuator 106 contains both ink and a gas. Therefore, it is [0066] when the condition of having 
become below M'max of a formula 4 when it was the area S of the oscillating field of an actuator 
106 is expressed with the additional mass of ink and a gas. 
M -M'air+M'ink= rho air*tair/S+rho ink*tink/S (formula 8) 

It becomes. Here, M'air is the inertance of air and M'ink is the inertance of ink. rhoair is the 
consistency of air and rhoink is the consistency of ink. tair is the thickness of the air in 
connection with vibration, and tink is the thickness of the ink in connection with vibration. When 
the actuator 106 is arranged almost horizontally to the oil level of ink as liquids decrease in 
number among the media in connection with the vibration in the circumference of an oscillating 
field of an actuator 106 and a gas increases, tair increases and tink decreases. By it, M'var 
decreases gradually and resonance frequency increases gradually. Therefore, the amount of the 
ink which remains in an ink tank, or the consumption of ink is detectable. In addition, in a 
formula 7, it is the formula of only the consistency of a liquid because the case of being so small 
that the consistency of air being disregarded is assumed to the consistency of a liquid. 
[0067] When the actuator 106 is arranged almost perpendicularly to the oil level of ink, the 
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media in connection with vibration of an actuator 106 are considered to be the field of only ink, 
and the equal circuit (not shown) of juxtaposition of the medium in connection with vibration of 
an actuator 106 with a gaseous field among the oscillating fields of an actuator 106. It is [0068], 
when the medium in connection with vibration of an actuator 106 sets area of the field of only 
ink to Sink and the medium in connection with vibration of an actuator 106 sets area of a gaseous 
field to Sair. 

l/M'=l/M'air+l/M'ink=Sair/(rhoair*tair) +Sink/(rhoink*tink ) (formula 9) 

It becomes. 

[0069] In addition, a formula 9 is applied when ink is not held at the cavity of an actuator 106. 
About the case where ink is held at the cavity of an actuator 106, it is calculable with a formula 
7, a formula 8, and a formula 9. 

[0070] On the other hand, the oil level of ink will detect an upper location or a bottom location 
from the stowed position of an actuator rather than a substrate 178 is thick, namely, depth d of a 

cavity 162 is deep, and it detects the process in which ink decreases in number gradually in 
practice, when d uses an actuator with a very small oscillating field as compared with the case of 
being comparatively close to thickness tink-max of a medium, and the height of a liquid 
container. When it puts in another way, the existence of the ink in the oscillating field of an 
actuator will be detected. For example, the curve Y of dr awing 3 (A) shows relation with the 
resonance frequency fs of the amount of the ink in the ink tank in the case of a small circular 
oscillating field, ink, and the oscillating section. Between the amounts Q of ink before and after 
the oil level of the ink in an ink tank passes through the stowed position of an actuator, signs that 
the resonance frequency fs of ink and the oscillating section is changing violently are shown. 
From this, it is detectable in an ink tank whether ink is carrying out specified quantity survival. 
[0071] A diaphragm 176 is contacting a liquid and directly, and since the method of detecting the 
existence of a liquid using an actuator 106 detects the existence of ink, compared with the 
approach of calculating the consumption of ink with software, its detection precision is high. 
Furthermore, although the approach conductivity detects the existence of ink is influenced 
according to the attaching position to a liquid container, and the class of ink using an electrode, 
the approach of detecting the existence of a liquid using an actuator 1 06 is not influenced 
according to the attaching position to a liquid container, and the class of ink. Furthermore, since 
the both sides of detection of the existence of a liquid can be considered as an oscillation using 
the single actuator 106, the number of the sensors attached in a liquid container as compared 
with the approach of carrying out oscillation and detection of the existence of a liquid using a 
different sensor can be decreased. Therefore, a liquid container can be manufactured cheaply. 
Furthermore, it can be [ sound / which an actuator 106 generates working ] quiet by setting the 
osciUation frequency of the piezo-electric layer 160 as a non-audible field. 
[0072] Drawin g 3 (B) shows relation with the resonance frequency fs of the consistency of the 
ink in the curve Y of drawing 3 (A), ink, and the oscillating section. Ink is mentioned as an 
example of a liquid. Since an addition inertance will become large if an ink consistency becomes 
high as shown in drawing 3 (B), resonance frequency fs falls. That is, resonance frequency fs 
changes with classes of ink. Therefore, in case it is re-fiiied up with ink by measuring resonance 
frequency fs, it can check whether the ink in which consistencies differed is mixed. 
[0073] That is, the ink tank which holds the ink in which classes differ mutually is discriminable. 
[0074] Then, even if the liquid in a liquid container is the state of the sky, the conditions which 
can detect correctly the condition of a liquid when setting up the size and the configuration of a 
cavity so that a liquid may remain in the cavity 162 of an actuator 106 are explained in full 
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detail. If the condition of a Uquid can be detected when the liquid is filled in the cavity 162, an 
actuator 106 can detect the condition of a liquid, even if it is the case where the liquid is not 

filled in the cavity 162. 

[0075] Resonance frequency fs is a fimction of Inertance M. Inertance M is the sum of the 
inertance Mact of the oscillating section, and addition inertance M'. Here, addition inertance M' 
is related to the condition of a liquid. Addition inertance M' is an amount which shows that the 
mass of the oscillating section is increasing seemingly according to an operation of the medium 
near the oscillating section. That is, the increment of the mass of the oscillating section by 
absorbing a medium seemingly by vibration of the oscillating section is said. 
[0076] Therefore, when M'cav is larger than M'max in a formula 4, all the media absorbed 
seemingly are liquids which remain in a cavity 162. Therefore, it is the same as the condition that 
the liquid is filled in the liquid container. In this case, since M' does not change, resonance 
frequency fs does not change, either. Therefore, an actuator 106 can detect the condition of the 
liquid in a liquid container. 

[0077] On the other hand, when M'cav is smaller than M' max in a formula 4, the medium 
absorbed seemingly is the gas or vacuum in the liquid which remains in a cavity 162, and a 
liquid container. Since M' changes unlike the condition that the liquid is filled in the liquid 
container at this time, resonance frequency fs changes. Therefore, an actuator 106 can detect the 
condition of the liquid in a liquid container. 

[0078] That is, the liquid in a liquid container is the state of the sky, and when a liquid remains in 
the cavity 162 of an actuator 106, the conditions on which an actuator 106 can detect the 
condition of a liquid correctly are that M'cav is smaller than M'max. In addition, condition 
M'max>M'cav to which an actuator 106 can detect the condition of a liquid correctly is not 
concerned with the configuration of a cavity 162. 

[0079] Here, M'cav is the capacity of a cavity 162, and the mass of the liquid of an almost equal 
capacity. Therefore, an actuator 106 can express the conditions which can detect the condition of 
a liquid correctly as conditions for the capacity of a cavity 162 from the inequality of 
M'max>M'cav. For example, it is [0080], when the radius of the opening 161 of the cavity 162 of 
a circle configuration is set to a and the depth of a cavity 162 is set to d. M'max>rho*d/pi a2 
(formula 10) 

It comes out. It is [0081] when a formula 10 is developed. a/d>3*pi/8 (formula 1 1) 
The conditions to say are searched for. In addition, when the configuration of a cavity 162 is 
circular, a formula 10 and a formula 1 1 are restricted and are materialized. If pia2 in a formula 
10 is calculated by replacing it with the area using the formula of M'max when not being 
circular, the relation between dimensions, such as width of face of a cavity and die length, and 
the depth can be drawn. 

[0082] Therefore, if it is the actuator 106 which has the cavity 162 which are the radius a of the 
opening 161 which fills a formula 11, and depth [ of a cavity 162 ] d, even if the liquid in a liquid 
container is the state of the sky and it is the case where a liquid remains in a cavity 162, the 
condition of a liquid can be detected, without incorrect-operating. 

[0083] It can be said that the approach of measuring back EMF generated in an actuator 106 by 
residual vibration has detected change of an acoustic impedance at least since addition inertance 
M' also influences an acoustic-impedance property. 

[0084] Moreover, according to this example, back EMF which an actuator 106 generates 
vibration and generates in an actuator 106 by subsequent residual vibration is measured. 
However, it is not necessarily required for the oscillating section of an actuator 106 to give 
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vibration to a liquid by its vibration by driver voltage. That is, even if the oscillating section does 
not oscillate itself, the piezo-electric layer 160 bends and deforms by vibrating with the liquid of 
a certain range in contact with it. This residual vibration makes the piezo-electric layer 160 
generate the back EMF electrical potential difference, and transmits that back EMF electrical 
potential difference to the up electrode 164 and the lower electrode 166. The condition of a 
medium may be detected by using this phenomenon. For example, it may set to an Inkjet 
recording apparatus, and the condition of an ink tank or the ink of the interior may be detected 
using vibration around the oscillating section of the actuator generated by vibration by the 
reciprocating motion of the carriage by the scan of the print head at the time of printing. 
[0085] Drawing 4 (A) And drawing 4 (B) shows the wave of the residual vibration of an actuator 
106 after vibrating an actuator 106, and the measuring method of residual vibration, the ink in 
the stowed position level of the actuator 106 in an ink cartridge ~ the upper and lower sides of 
water level are detectable with frequency change of the residual vibration after an actuator 106 
oscillates, and change of the amplitude. Drawing 4 (A) And in drawing 4 (B), an axis of ordinate 
shows the electrical potential difference of back EMF generated by the residual vibration of an 
actuator 106, and an axis of abscissa shows time amount. By the residual vibration of an actuator 
106, it is drawing 4 R> 4 (A). And as shown in drawing 4 (B), the wave of the analog signal of 
an electrical potential difference occurs. Next, an analog signal is changed into the digital 
numeric value corresponding to the frequency of a signal. 

[0086] In the example shown in drawing 4 (A) and drawing 4 (B), the existence of ink is 
detected by measuring the time amount which four pulses to 8 pulse eye produce from 4 pulse 
eye of an analog signal. 

[0087] More, in a detail, after an actuator 106 oscillates, the count which crosses the 
predetermined reference voltage set up beforehand from a low-battery side to a high-voltage side 
is counted. The between from four counts to eight counts is set to High for a digital signal, and 
the time amount from four counts to eight counts is measured by the predetermined clock pulse. 
[0088] Drav/in g 4 (A) is a wave in case a liquid ink side is in a high order rather than the stowed 
position level of an actuator 106. On the other hand, drawing 4 (B) is a wave in case there is no 
ink in the stowed position level of an actuator 106. When drawing 4 R> 4 (A) is compared with 
drawing 4 (B), in drawing 4 (A), a******** understands the time amount from four counts to 
eight counts from drawing 4 (B). A paraphrase changes the time amount from four counts to 
eight counts by the existence of ink. The consumption condition of ink is detectable using a 
difference of this time amount. After vibration of an actuator 106 is stabilized, it counts for 
beginning measurement from 4 count eye of an analog wave. What it was presupposed that it is 
from 4 count eye is a mere example, and may count from the count of arbitration. Here, the 
signal from 4 count eye to 8 count eye is detected, and the time amount from 4 count eye to 8 
count eye is measured by the predetermined clock pulse. It asks for resonance frequency by it. 
As for a clock pulse, it is desirable that it is the pulse of a clock equal to the clock for confroUing 
the semiconductor memory attached in an ink cartridge. In addition, there is no need of 
measuring the time amount to 8 count eye, and it may be counted to the count of arbitration. In 
drawing 4 , although the time amount from 4 count eye to 8 count eye is measured, according to 
the circuitry which detects a frequency, the time amount in a different counting interval may be 
detected. 

[0089] For example, when fluctuation of the amplitude of a peak is small, in order the quality of 
ink is stable, and to gather the rate of detection, you may ask for resonance frequency by 
detecting the time amount from 4 coiint eye to 6 count eye. Moreover, the quality of ink is 



SSL-DOCSl 1546887vl 



49 



Machine English translation of JP 2001-146030 



unstable, and when fluctuation of the amplitude of a pulse is large, in order to detect residual 
vibration correctly, the time amount from 4 count eye to 12 count eye may be detected. 
[0090] Moreover, the wave number of the voltage waveform of back EMF within a 
predetermined period may be counted as other examples (not shown). It can ask for resonance 
frequency also by this approach. More, in a detail, after an actuator 106 oscillates, only a 
predetermined period sets a digital signal to High, and the count which crosses predetermined 
reference voltage from a low-battery side to a high-voltage side is counted. The existence of ink 
is detectable by measuring the number of counts. 

[0091] Furthermore, the back EMF wave amplitudes differ by the case where there are not a case 
where ink is filled in the ink cartridge, and ink into an ink cartridge so that drawing 4 (A) and 
drawing 4 (B) may be compared and understood. Therefore, the consumption condition of the 
ink in an ink cartridge may be detected also by measuring the back EMF wave amplitude, 
without asking for resonance frequency. Top-most vertices and drawing 4 (B) of the back EMF 
wave [ detail ] of drawing 4 R> 4 (A) more Reference voltage is set up between the top-most 
vertices of the back EMF wave. When a digital signal is set to High at predetermined time and 
the back EMF wave crosses reference voltage after the actuator 106 oscillated, it is judged that 
there is no ink. When the back EMF wave does not cross reference voltage, it is judged that there 
is ink. 

[0092] Drawing 5 shows the manufacture approach of an actuator 106. Two or more actuators 
106 (the example of drawing 5 four pieces) are formed in one. The actuator 106 shown in 
drawing 6 is manufactured by cutting the one moldings of two or more actuators shown in 
drawing 5 in each actuator 106. When each piezoelectric device of two or more really shown [ in 
drawing 5 ] fabricated actuators 106 is circular, the actuator 106 shown in drawing 1 can be 
manufactured by really cutting a moldings in each actuator 106. By forming two or more 
actuators 106 in one, two or more actuators 106 can be efficiently manufactured to coincidence, 
and the handling at the time of conveyance becomes easy. 

[0093] An actuator 106 has sheet metal or a diaphragm 176, a substrate 178, an elastic wave 
generating means or a piezoelectric device 174, a terminal formation member or the up electrode 
terminal 168 and a terminal formation member, or the lower electrode terminal 170. A 
piezoelectric device 174 contains a piezo-electric diaphragm or the piezo-electric layer 160, an 
upper electrode or the up electrode 164 and a bottom electrode, or the lower electrode 166. A 
diaphragm 176 is formed in the top face of a substrate 178, and the lower electrode 166 is 
formed in the top face of a diaphragm 176. The piezo-electric layer 160 is formed in the top face 
of the lower elecfrode 166, and the up elecfrode 164 is formed in the top face of the piezo- 
electric layer 160. Therefore, of the principal part of the up elecfrode 164, and the principal part 
of the lower electrode 166, the principal part of the piezo-electric layer 160 is formed so that it 
may be inserted from the upper and lower sides. 

[0094] The piezoelectric device 174 of plurality (the example of drawing 5 four pieces) is 
formed on the diaphragm 176. The lower elecfrode 166 is formed in the front face of a 
diaphragm 176, the piezo-electric layer 160 is formed in the front face of the lower electrode 
166, and the up electrode 164 is formed in the top face of the piezo-electric layer 160. The up 
elecfrode terminal 168 and the lower electrode terminal 170 are formed in the edge of the up 
elecfrode 164 and the lower elecfrode 166. Four actuators 106 are cut separately, respectively 
and are used according to an individual. 

[0095] As for draw ing 6 , a piezoelectric device shows some cross sections of the rectangular 
actuator 106. 
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[0096] Drawing 7 shows the cross section of the whole actuator 106 shown in drawing 6 . 
Through tube 178a is formed in the piezoelectric device 174 of a substrate 178, and the field 
which counters. The closure of the through tube 178a is carried out by the diaphragm 176. A 
diaphragm 176 is equipped with electric insulation, such as an alumina and an oxidization 
zirconia, and is formed with the ingredient in which elastic deformation is possible. The 
piezoelectric device 174 is formed on the diaphragm 176 so that it may counter with through 
tube 178a. The lower electrode 166 is formed in the front face of a diaphragm 176 so that it may 
extend from the field of through tube 178a to the left in an one direction and drawing 7 . The up 
electrode 164 is formed in the front face of the piezo-electric layer 160 so that it may extend in 
the method of the right in drawing 7 in the direction opposite to a lower electrode from the field 
of through tube 178a. The up electrode terminal 168 and the lower electrode terminal 170 are 
formed in the top face of an auxiliary electrode 172 and the lower electrode 166, respectively. 
The lower electrode terminal 170 contacts the lower electrode 166 electrically, and the up 
electrode terminal 168 contacts the up electrode 164 electrically through an auxiliary electrode 
172, and it delivers the signal between a piezoelectric device and the exterior of an actuator 106. 
The up electrode terminal 168 and the lower electrode terminal 170 have the height more than 
the height of the piezoelectric device which doubled the electrode and the piezo-electric layer. 
[0097] Drawing 8 shows the manufacture approach of the actuator 106 shown in d r aw i n g 5 . 
First, a press or laser processing is used for a green sheet 940, and through tube 940a is punched. 
A green sheet 940 serves as a substrate 178 after baking. A green sheet 940 is formed with 
ingredients, such as a ceramic. Next, the laminating of the green sheet 941 is carried out to the 
front face of a green sheet 940. A green sheet 941 serves as a diaphragm 176 after baking. A 
green sheet 941 is formed with ingredients, such as an oxidization zirconia. Next, sequential 
formation of a conductive layer 942, the piezo-electric layer 160, and the conductive layer 944 is 
carried out by approaches, such as pressure membrane printing, on the front face of a green sheet 
941. A conductive layer 942 serves as the lower elecfrode 166 behind, and a conductive layer 
944 serves as the up electrode 164 behind. Next, the formed green sheet 940, a green sheet 941, a 
conductive layer 942, the piezo-electric layer 160, and a conductive layer 944 are dried and 
calcinated. Spacing members 947 and 948 carry out bottom raising of the height of the up 
electrode terminal 168 and the lower electrode terminal 170, and make it higher than a 
piezoelectric device. Spacing members 947 and 948 carry out the laminating of printing or the 
green sheet, and form green sheets 940 and 941 and this ingredient. Since there are few 
ingredients of the up electrode terminal 168 which is noble metals, and the lower elecfrode 
terminal 170, it ends upwards by this spacing member 947,948 and thickness of the up elecfrode 
terminal 168 and the lower electrode terminal 170 can be made thin, the up elecfrode terminal 
168 and the lower electrode terminal 170 can be printed with a sufficient precision, and it can 
consider as the height stabilized further. 

[0098] If connection 944' with a conductive layer 944 and spacing members 947 and 948 are 
formed in coincidence at the time of formation of a conductive layer 942, the up elecfrode 

terminal 168 and the lower electrode terminal 170 can be formed easily, or it can fix firmly. 
Finally, the up electrode terminal 168 and the lower electrode terminal 170 are formed in the 
edge field of a conductive layer 942 and a conductive layer 944. In case the up electrode terminal 
168 and the lower elecfrode terminal 170 are formed, it forms so that the up elecfrode terminal 
168 and the lower elecfrode terminal 170 may be electrically connected to the piezo-electric 
layer 160. 

[0099] Drawing 9 shows the operation gestalt of further others of the ink cartridge to which this 
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invention is applied. Drawing 9 (A) is the sectional view of the pars basilaris ossis occipitalis of 
the ink cartridge by this operation gestalt. The ink cartridge of this operation gestalt has through 
tube Ic in base la of a container 1 which holds ink. The pars basilaris ossis occipitalis of through 
tube Ic is closed by the actuator 650, and forms an ink reservoir. 

[0100] Drawin g 9 (B) shows the actuator 650 shown in dr awing 9 (A), and the detailed cross 
section of through tube Ic. Drawing 9 R> 9 (C) shows the flat surface of the actuator 650 shown 
in drawing 9 (B), and through tube Ic. An actuator 650 has the piezoelectric device 73 fixed to 
the diaphragm 72 and the diaphragm 72. An actuator 650 is fixed to the base of a container 1 so 
that a piezoelectric device 73 may counter through tube Ic through a diaphragm 72 and a 
substrate 71 . Elastic deformation is possible for a diaphragm 72, and it is equipped with ink- 
proof nature. 

[0101] Depending on the amount of ink of a container 1, the amplitude and frequency of back 
EMF which are generated by the residual vibration of a piezoelectric device 73 and a diaphragm 
72 change. Through tube Ic is formed in the location which counters an actuator 650, and the ink 
of the minimum constant rate is secured to through tube Ic. Therefore, the ink end of a container 
1 is certainly detectable by measuring beforehand the property of vibration of the actuator 650 
decided by the amount of ink secured to through tube Ic. 

[0102] Drawing 10 shows other operation gestalten of through tube Ic. In each of drawing 10 
(A), (B), and (C), the condition that the chart on the left does not have Ink K in through tube Ic 
is shown, and right-hand side drawing shows the condition that Ink K remained in through tube 
Ic. In the operation gestalt of .dra.wixig.9 , the side face of through tube Ic is formed as a 
perpendicular wall. In drawing 10 (A), Id of side faces of through tube Ic is slanting in the 
vertical direction, and it is expanded and opened outside. In drawing iO (B), the level difference 
sections le and If are formed in the side face of through tube Ic. If of level difference sections 
which are up is larger than level difference section le which exists caudad. In drawing 10 (C), 
through tube Ic has Ig of slots which extend in the direction of the ink feed hopper 2 which is 
easy to discharge Ink K, i.e., the direction. 

[0 1 03] Drawing 10 (A) According to the configuration of through tube Ic shown in - (C), the 
amount of the ink K of an ink reservoir can be lessened. Therefore, since the oscillation 
characteristic of the ink and the actuator 650 at the time since M'cav explained by drawing 1 and 
drawing 2 can be made small as compared with M'max can be greatly changed with the case 
where the ink K of the amount which can be printed in a container 1 remains, an ink end can be 
detected more certainly. 

[0104] Drawing..].], is the perspective view showing other operation gestalten of an actuator. An 
actuator 660 has packing 76 outside through tube 1 c of the substrate which constitutes an 
actuator 660, or the attachment plate 78. The caulking hole 77 is formed in the periphery of an 
actuator 660. An actuator 660 is fixed to a container 1 with caulking through the caulking hole 
77. 

[0105] Drawing 1 2 (A) and (B) are the perspective views showing the operation gestalt of fixrther 
others of an actuator. An actuator 670 is equipped with the crevice formation substrate 80 and a 
piezoelectric device 82 in this operation gestah. A crevice 81 is formed in one field of the crevice 
formation substrate 80 of technique, such as etching, and a piezoelectric device 82 is attached in 
the field of another side. The pars basilaris ossis occipitalis of a crevice 81 acts as an oscillating 
field among the crevice formation substrates 80. Therefore, the oscillating field of an actuator 
670 is specified by the periphery of a crevice 81. Moreover, an actuator 670 is similar with the 
structure where the substrate 178 and the diaphragm 176 were formed as one among the 
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actuators 106 by the example of drawing 1 . Therefore, in case an ink cartridge is manufactured, 
a production process can be shortened, and cost is reduced. An actuator 670 is size in which 
embedding is possible to through tube Ic prepared in the container 1. By it, a crevice 81 can act 
also as a cavity. In addition, like the actuator 670 by the example of drawing 12 , the actuator 
106 by the example of drawing 1 may be formed in through tube Ic so that embedding may be 
possible. 

[0106] Drawing 13 is the perspective view showing the configuration which attached the 
actuator 106 and was really formed as a module object 100. The predetermined part of the 
container 1 of an ink cartridge is equipped with the module object 100. By [ in liquid ink ] 
detecting change of an acoustic impedance at least, the module object 100 is constituted so that 
the consumption condition of the liquid in a container 1 may be detected. The module object 100 
of this operation gestalt has the liquid-container attachment section 101 for attaching an actuator 
106 in a container 1 . The liquid-container attachment section 101 has structure with which the 
flat surface carried the cylinder section 116 which held the actuator 106 oscillated with a driving 
signal on the rectangular pedestal 102 mostly. Since it is constituted so that the actuator 106 of 
the module object 100 cannot contact from the outside when an ink cartridge is equipped with 
the module object 100, an actuator 106 can be protected from external contact. In addition, the 
radius of circle is attached, and in case the hole formed in the ink cartridge is equipped, it is easy 
to insert in the tip side edge of the cylinder section 116. 

[0107] Drawing 14 is the exploded view showing the configuration of the module object 100 
shown in drawing 13 . The module object 100 contains the liquid-container attachment section 
101 which consists of resin, and the piezoelectric device applied part 105 which has a plate 110 
and a crevice 113. Furthermore, the module object 100 has reed wires 104a and 104b, an actuator 
106, and a film 108. Preferably, a plate 1 10 is formed from ingredients which cannot rust easily, 
such as stainless steel or a stainless alloy. Opening 1 14 is formed in a core so that the cylinder 
section 116 and the pedestal 102 which are included in the liquid-container attachment section 
101 can hold reed wires 104a and 104b, and a crevice 1 13 is formed so that an actuator 106, a 
film 108, and a plate 1 10 can be held. An actuator 106 is joined to a plate 110 through a film 
108, and a plate 110 and an actuator 106 are fixed to the liquid-container attachment section 101. 
Therefore, reed wires 104a and 104b, an actuator 106, a film 108, and a plate 1 10 are attached in 
the liquid-container attachment section 101 as one. Reed wires 104a and 104b combine with the 
up electrode of an actuator 106, and a lower electrode, respectively, transmit a driving signal to a 
piezo-electric layer, and, on the other hand, transmit the signal of the resonance frequency which 
the actuator 106 detected to a recording device etc. An actuator 106 is temporarily oscillated 
based on the driving signal transmitted from reed wires 104a and 104b. Residual vibration of the 
actuator 106 is carried out after an oscillation, and it generates back EMF by the vibration. At 
this time, the resonance frequency corresponding to the consumption condition of the liquid in a 
liquid container is detectable by detecting the period of vibration of the back EMF wave, a film 
108 ~ an actuator 106 and a plate 110 — pasting up ~ an actuator ~ liquid ~ it is made dense. As 
for a film 108, it is desirable to form with polyolefine etc. and to paste up by thermal melting 
arrival, a film 108 ~ an actuator 106 and a plate 110 — pasting up ~ an actuator ~ liquid ~ it is 
made dense. As for a film 108, it is desirable to form with polyolefine and to paste up by thermal 
melting arrival. By pasting up an actuator 106 and a plate 1 10 in the shape of a field with a film 
108, and fixing, dispersion by the location of adhesion is lost and any parts other than the 
oscillating section do not vibrate. Therefore, change of the resonance frequency of the back 
before pasting up an actuator 106 on a plate 1 10 is small. 
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[0108] A plate 1 10 is a circle configuration and the opening 1 14 of a pedestal 102 is formed in 
the shape of a cylinder. The actuator 106 and the film 108 are formed in the shape of a rectangle. 
A reed wire 104, an actuator 106, a film 108, and a plate 1 10 are good also as removable to a 
pedestal 102. A pedestal 102, the reed wire 104, the actuator 106, the film 108, and the plate 110 
are arranged to the medial axis of the module object 100 at the symmetry, furthermore, the core 
of a pedestal 102, an actuator 106, a film 108, and a plate 110 — the module object 100 ~ it is 
mostly arranged on the medial axis. 

[0109] The area of the opening 1 14 of a pedestal 102 is formed more greatly than the area of the 
oscillating field of an actuator 106. The through tube 1 12 is formed in the location which faces 
the oscillating section of an actuator 106 at the core of a plate 1 10. As shown in drawing 1 and 
drawing 2 , a cavity 162 is formed in an actuator 106, and both a through tube 112 and the cavity 
162 form an ink reservoir. In order to lessen effect of residual ink, compared with the path of a 
through tube 1 12, the small thing of the thickness of a plate 1 10 is desirable. For example, as for 
the depth of a through tube 1 12, it is desirable that it is 1/3 or less magnitude of the path, a 
through tube 1 12 is the symmetry to the medial axis of the module object 100 ~ it is the 
configuration of a perfect circle mostly. Moreover, the area of a through tube 1 12 is larger than 
the opening area of the cavity 162 of an actuator 106. The periphery of the cross section of a 
through tube 1 12 may be a taper configuration, and a step configuration is sufficient as it. The 
flank of a container 1, the upper part, or a pars basilaris ossis occipitalis is equipped with the 
module object ICQ so that a through tube 112 may turn to the inside of a container 1 . If ink is 
consumed and the ink of the actuator 106 circumference is lost, since the resonance frequency of 
an actuator 106 will change a lot, at least the water of ink can detect change. 
[0110] Drawing 1 5 is the perspective view showing other operation gestalten of a module object. 
As for the module object 400 of this operation gestalt, the piezoelectric device applied part 405 is 
formed in the liquid-container attachment section 401. As for the liquid-container attachment 
section 401, the cylinder-like cylinder section 403 is mostly formed for the flat surface on the 
pedestal 402 on Kakumaru's square. Furthermore, the piezoelectric device applied part 405 
includes the tabular element 406 and crevice 413 which were stood on the cylinder section 403. 
An actuator 106 is arranged in the crevice 413 established in the side face of the tabular element 
406. In addition, the tip of the tabular element 406 is beveled by the predetermined include 
angle, and in case the hole formed in the ink cartridge is equipped, it is easy to insert it in. 
[0111] Drawing 16 is the decomposition perspective view showing the configuration of the 
module object 400 show n in drawing 15 . The module object 400 as well as the module object 
100 shown in drawing [3 contains the liquid-container attachment section 401 and the 
piezoelectric device applied part 405. The liquid-container attachment section 401 has a pedestal 
402 and the cylinder section 403, and the piezoelectric device applied part 405 has the tabular 
element 406 and a crevice 413. It is joined to a plate 410 and an actuator 106 is fixed to a crevice 
413. The module object 400 has further reed wires 404a and 404b, an actuator 106, and a film 
408. 

[0112] According to this operation gestalt, a plate 410 is a rectangle-like and the opening 414 
prepared in the tabular element 406 is formed in the shape of a rectangle. Reed wires 404a and 
404b, an actuator 106, a film 408, and a plate 410 may be constituted as removable to a pedestal 
402. An actuator 106, a film 408, and a plate 410 pass along the core of opening 414, and are 
arranged at the symmetry to the medial axis prolonged in the direction of a vertical to the fiat 
surface of opening 414. furthermore, the core of an actuator 406, a film 408, and a plate 410 ~ 
opening 414 ~ it is mostly arranged on the medial axis. 
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[0113] The area of the through tube 412 prepared in the core of a plate 410 is formed more 
greatly than the area of opening of the cavity 162 of an actuator 106. Both the cavities 162 and 
through tubes 412 of an actuator 106 form an ink reservoir. The thickness of a plate 410 is small 
compared with the path of a through tube 412, for example, it is desirable to set it as 1/3 or less 
magnitude of the path of a through tube 412. a through tube 412 is the symmetry to the medial 
axis of the module object 400 ~ it is the configuration of a perfect circle mostly. The periphery 
of the cross section of a through tube 412 may be a taper configuration, and a step configuration 
is sufficient as it. The pars basilaris ossis occipitalis of a container 1 can be equipped with the 
module object 400 so that a through tube 412 may be arranged inside a container 1 . Since it is 
arranged in a container 1 so that an actuator 106 may be prolonged perpendicularly, a setup at the 
time of an ink end is easily changeable by changing the height which changes the height of a 
pedestal 402 and by which an actuator 106 is arranged in a container 1. 

[01 14] Drawing 17 shows the operation gestalt of further others of a module object. The module 
object 500 of drawing 17 as well as the module object 100 shown in drawing 13 contains the 
liquid-container attachment section 501 which has a pedestal 502 and the cylinder section 503. 
Moreover, the module object 500 has further reed wires 504a and 504b, an actuator 106, a film 
508, and a plate 510. Opening 5 14 is formed in a core so that the pedestal 502 included in the 
liquid-container attachment section 501 can hold reed wires 504a and 504b, and a crevice 513 is 
formed so that an actuator 106, a film 508, and a plate 510 can be held. PUAKUCHUETA 106 is 
fixed to the piezoelectric device applied part 505 through a plate 510. Therefore, reed wires 504a 
and 504b, an actuator 106, a film 508, and a plate 510 are attached in the liquid-container 
attachment section 501 as one. As for the module object 500 of this operation gestah, the 
cylinder section 503 with a top face slanting in the vertical direction is mostly formed for the flat 
surface on the pedestal on Kakumaru's square. The actuator 106 is arranged on the crevice 513 
aslant prepared in the vertical direction of the top face of the cylinder section 503. 
[0115] The tip of the module object 500 inclines and the inclined plane is equipped with the 
actuator 106. Therefore, if the pars basilaris ossis occipitalis or flank of a container 1 is equipped 
with the module object 500, an actuator 106 inclines to the vertical direction of a container 1. As 
for whenever [ tilt-angle / of the tip of the module object 500 ], it is desirable to consider as for 
about 30 to 60 degrees in view of detectability ability. 

[0116] The pars basilaris ossis occipitalis or flank of a container 1 is equipped with the module 
object 500 so that an actuator 106 may be arranged in a container 1. When the flank of a 
container 1 is equipped with the module object 500, it is attached in a container 1, an actuator 
106 inclining so that a container 1 top, bottom, or width side may be turned to. It is desirable that 
it is attached in a container 1 on the other hand, an actuator 106 inclining so that the ink feed 
hopper side of a container 1 may be turned to when the pars basilaris ossis occipitalis of a 
container 1 is equipped with the module object 500. 

[0117] Drawing 18 is a sectional view near the pars basilaris ossis occipitalis of the ink container 
when equipping a container 1 with the module object 100 shown in drawing 13 . It is equipped 
with the module object 100 so that the side attachment wall of a container 1 may be penetrated. 
O ring 365 is formed in the plane of composition of the side attachment wall of a container 1, 
and the module object 100, and **** of the module object 100 and a container 1 is maintained at 
it. It is desirable to have the cylinder section which the module object 100 explained that a seal is 
made with an O ring by drawing 13 . By the tip of the module object 100 being inserted in the 
interior of a container 1, the ink in a container 1 contacts an actuator 106 through the through 
tube 1 12 of a plate 110. Since the resonance fi*equency of the residual vibration of an actuator 



SSL-DOCSl 1546887vl 



55 



Machine English translation of JP 2001-146030 



106 changes with a liquid or gases, the perimeter of the oscillating section of an actuator 106 can 
detect the consumption condition of ink using the module object 100. Moreover, a container 1 
may be equipped with the module objects 700A, 700B, 750A, and 750B shown in the module 
object 400 shown not only in the module object 100 but in drawing 15 , the module object 500 
shown in drawing 17 R> 7 or drawing 19 , and drawing 20 , and the mold structure 600, and the 
existence of ink may be detected. 

[0118] Drawing 19 shows the operation gestah of further others of the module object 100. 
Module object 750A of drawing 19 (A) has an actuator 106 and a pedestal 360. The container 1 
is equipped with module object 750A so that a front face may turn into an inside of the side 
attachment wall of a container 1, and the same field. An actuator 106 contains the piezo-electric 
layer 160, the up electrode 164, the lower electrode 166, and a diaphragm 176. The lower 
electrode 166 is formed in the top face of a diaphragm 176. The piezo-electric layer 160 is 
formed in the top face of the lower electrode 166, and the up electrode 164 is formed in the top 
face of the piezo-electric layer 160. Therefore, the piezo-electric layer 160 is formed so that it 
may be inserted from the upper and lower sides with the up electrode 1 64 and the lower 
electrode 166. The piezo-electric layer 160, the up electrode 164, and the lower electrode 166 
form a piezoelectric device. A piezoelectric device is formed on a diaphragm 176. A 
piezoelectric device and the oscillating field of a diaphragm 176 are the oscillating sections in 
which an actuator actually vibrates. The through tube 385 is formed in the side attachment wall 
of a container 1. Therefore, ink contacts a diaphragm 176 through the through tube 385 of a 
container 1. 

[0119] Next, the actuation of module object 750A shown in drawing 19 (A) is explained. The up 
electrode 164 and the lower electrode 166 transmit a driving signal to the piezo-electric layer 
160, and transmit the signal of the resonance frequency which the piezo-electric layer 160 
detected to a recording device. It oscillates with the driving signal transmitted with the up 
electrode 164 and the lower electrode 166, and residual vibration of the piezo-electric layer 160 
is carried out. The piezo-electric layer 160 generates back EMF by this residual vibration. The 
period of vibration of the back EMF wave is counted, and the existence of ink can be detected by 
detecting the resonance frequency in the time. A container 1 is equipped only with a diaphragm 
176 so that module object 750A may contact the ink in the ink container 1 in the field where an 
actuator 106 is opposite to the piezoelectric-device side of the oscillating section of an actuator 
106, i.e., drawing 19 , (A). Module object 750A of dr awing 1 9 (A) becomes unnecessary [ the 
embedding to the module object 100 of the electrode of reed wires 104a, 104b, 404a, 404b, 504a 
and 504b shown in drawing 17 from drawing__j_3 ]. Therefore, a forming cycle is simplified. 
Furthermore, it becomes exchangeable [ module object 750A ], and becomes recyclable. 
Furthermore, since the actuator 106 is protected by the pedestal 360, it can protect an actuator 
106 fi-om contact outside. 

[0120] Drawing 19 (B) shows the operation gestalt of fiirther others of module object 750B. 
Module object 75 OB of drawing 19 (B) has an actuator 106 and a pedestal 360. The container 1 
is equipped with module object 750B so that a fi-ont face may turn into an inside of the side 
attachment wall of a container 1, and the same field. An actuator 106 contains the piezo-electric 
layer 160, the up electrode 164, the lower electrode 166, and a diaphragm 176. The lower 
electrode 166 is formed in the top face of a diaphragm 176. The piezo-electric layer 160 is 
formed in the top face of the lower electrode 166, and the up electrode 164 is formed in the top 
face of the piezo-electric layer 160. Therefore, the piezo-electric layer 160 is formed so that it 
may be inserted fi-om the upper and lower sides with the up electrode 164 and the lower 
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electrode 166. The piezo-electric layer 160, the up electrode 164, and the lower electrode 166 
form a piezoelectric device. A piezoelectric device is formed on a diaphragm 176. A 
piezoelectric device and the oscillating field of a diaphragm 176 are the oscillating sections in 
which an actuator actually vibrates. The thin wall 380 is formed in the side attachment wall of a 
container 1 . A container 1 is equipped only with a diaphragm 176 so that module object 75 OB 
may contact the thin wall 380 of the ink container 1 in the field where an actuator 106 is opposite 
to the piezoelectric-device side of the oscillating section of an actuator 106, i.e., drawing 19 , 
(B). Therefore, residual vibration of the oscillating section of an actuator 106 is carried out with 
the thin wall 380. 

[0121] Next, the actuation of module object 750B shown in drawing 19 (B) is explained. The up 
electrode 164 and the lower electrode 166 transmit a driving signal to the piezo-electric layer 
160, and transmit the signal of the resonance frequency which the piezo-electric layer 160 
detected to a recording device. It oscillates with the driving signal transmitted with the up 
electrode 164 and the lower electrode 166, and the piezo-electric layer 160 vibrates with a 
resonant period. Since the thin wall 380 of a container 1 is contacted, a diaphragm 176 carries 
out residual vibration of the oscillating section of an actuator 106 with the thin wall 380. Since 
the inside side of the container 1 of the thin wall 380 contacts ink, in case an actuator 106 carries 
out residual vibration with the thin wall 380, the resonance frequency and the amplitude of this 
residual vibration change with ink residues. The piezo-electric layer 160 generates back EMF by 
this residual vibration. The period of vibration of the back EMF wave can be counted, and an ink 
residue can be detected by detecting the resonance frequency at that time. 
[0122] Module object 750B of drawing 19 (B) becomes unnecessary [ the embedding to the 
module object 100 of the electrode of reed wires 104a, 104b, 404a, 404b, 504a, and 504b shown 
in drawing 17 from drawing 13 ]. Therefore, a forming cycle is simplified. Furthermore, it 
becomes exchangeable [ module object 750B ], and becomes recyclable. Furthermore, since the 
actuator 106 is protected by the pedestal 360, it can protect an actuator 106 from contact outside. 
[0123] D rav/in g 20 (A) shows the sectional view of the ink container when equipping a container 
1 with module object 700B. In this example, module object 700B is used as one of the 
attachment structures. The container 1 is equipped with module object 700B as the liquid- 
container attachment section 360 projects inside a container 1 . A through tube 370 is formed in 
the attachment plate 350, and the oscillating section of a through tube 370 and an actuator 106 
faces. Furthermore, a hole 382 is formed in the bottom wall of module object 700B, and the 
piezoelectric device applied part 363 is formed. As an actuator 106 closes one side of a hole 382, 
it is arranged. Therefore, ink contacts a diaphragm 176 through the hole 382 of the piezoelectric 
device applied part 363, and the through tube 370 of the attachment plate 350. Both the hole 382 
of the piezoelectric device applied part 363 and the through tube 370 of the attachment plate 350 
form an ink reservoir. The piezoelectric device applied part 363 and the actuator 106 are being 
fixed by the attachment plate 350 and the film member. The sealing structure 372 is formed in 
the connection of the liquid-container attachment section 360 and a container 1. The sealing 
structure 372 may be formed with reversible ingredients, such as synthetic resin, and may be 
formed with an O ring, although module object 700B of drawing 20 (A) and a container 1 are 
another objects ~ drawing 20 (B) - the piezoelectric device appHed part of module object 700B 
may consist of some containers 1 like. 

[0124] Module object 700B of drawing 20 (A) becomes unnecessary [ the embedding to the 
module object of a reed wire shown in drawing 17 from drawing 13 ]. Therefore, a forming cycle 
is simplified. Furthermore, it becomes exchangeable [ module object 700B ], and becomes 
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recyclable. 

[0125] In case an ink cartridge shakes, an actuator 106 may incorrect-operate because the ink 
which ink adhered to the top face or side face of a container 1 , and has hung down from the top 
face or side face of a container 1 contacts an actuator 106. However, since the hquid-container 
attachment section 360 has projected module object 700B inside the container 1, an actuator 106 
does not incorrect-operate in the ink which has hung down from the top face and side face of a 
container 1 . 

[0126] Moreover, in the example of drawing 20 (A), a container 1 is equipped with some of 
diaphragms 176 and attachment plates 350 so that the ink in a container 1 may be contacted. In 
the example of drawin g 20 (A), the embedding to the module object of the electrode of reed 
wires 104a, 104b, 404a, 404b, 504a, and 504b shown in drawing 17 from drawing 13 becomes 
unnecessary. Therefore, a forming cycle is simplified. Furthermore, it becomes exchangeable [ 
an actuator 106 ] and becomes recyclable. 

[0127] Drawing 20 (B) shows the sectional view of an ink container as an example when 
equipping a container 1 with an actuator 106. In the ink cartridge by the example of drawing 20 
(B), the protection member 361 is attached in the container 1 as another object in the actuator 
106. Therefore, although the protection member 361 and the actuator 106 are not united as a 
module, they arc one side, and the protection member 361 can protect them so that a user's hand 
cannot be touched at an actuator 106. The hole 380 prepared in the front face of an actuator 106 
is arranged by the side attachment wall of a container 1 . An actuator 1 06 contains the piezo- 
electric layer 160, the up electrode 164, the lower electrode 166, a diaphragm 176, and the 
attachment plate 350. A diaphragm 176 is formed in the top face of the attachment plate 350, and 
the lower electrode 166 is formed in the top face of a diaphragm 176. The piezo-electric layer 
160 is formed in the top face of the lower electrode 166, and the up electrode 164 is formed in 
the top face of the piezo-electric layer 160. Therefore, the principal part of the piezo-electric 
layer 160 is formed so that it may be inserted by the principal part of the up electrode 164, and 
the principal part of the lower electrode 166 from the upper and lower sides. The circular part 
which is each principal part of the piezo-electric layer 160, the up electrode 164, and the lower 
electrode 166 forms a piezoelectric device. A piezoelectric device is formed on a diaphragm 176. 
A piezoelectric device and the oscillating field of a diaphragm 176 are the oscillating sections in 
which an actuator actually vibrates. The through tube 370 is formed in the attachment plate 350. 
Furthermore, the hole 380 is formed in the side attachment wall of a container 1. Therefore, ink 
contacts a diaphragm 176 through the hole 380 of a container 1, and the through tube 370 of the 
attachment plate 350. Both the hole 380 of a container 1 and the through tube 370 of the 
attachment plate 350 form an ink reservoir. Moreover, in the example of drawing 20 (B), since 
the actuator 106 is protected by the protection member 361, it can protect an actuator 106 from 
contact outside. 

[0128] In addition, it may replace with drawing 20 (A) and the attachment plate 350 in the 
example of (B), and the subsfrate 178 of drawing 1 may be used. 

[0129] Drawing 20 (C) shows an operation gestalt equipped with the mold structure 600 
containing an actuator 106. In this example, the mold structure 600 is used as one of the 
attachment structures. The mold structure 600 has an actuator 106 and the mold section 364. An 
actuator 106 and the mold section 364 are fabricated by one. The mold section 364 is fabricated 
with reversible ingredients, such as silicon resin. The mold section 364 has a reed wire 362 
inside. The mold section 364 is formed so that it may have two guide pegs prolonged from an 
actuator 106. the mold section 364 ~ the mold section 364 and a container 1 ~ liquid ~ since it 
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fixes densely, the edge of two guide pegs of the mold section 364 is formed in the shape of a 
semi-sphere. A container 1 is equipped with the mold section 364 so that an actuator 106 may 
project inside a container 1, and the oscillating section of an actuator 106 contacts the ink in a 
container 1. The up electrode 164, the piezo-electric layer 160, and the lower electrode 166 of an 
actuator 106 are protected from ink by the mold section 364. 

[0130] For the mold structure 600 of drawing 20 (C), since the sealing structure 372 is 
unnecessary between the mold section 364 and a container 1 , ink is a pile to the leakage from a 
container 1. Moreover, since it is the gestalt in which the mold structure 600 does not project 
from the exterior of a container 1, an actuator 106 can be protected from contact outside. In case 
an ink cartridge shakes, an actuator 106 may incorrect-operate because the ink which ink was 
attached to the top face or side face of a container 1, and has hung down from the top face or side 
face of a container 1 contacts an actuator 106. Since the mold section 364 has projected the mold 
structure 600 inside the container 1, an actuator 106 does not incorrect-operate in the ink which 
has hung down from the top face and side face of a container 1 . 

[0131] Drawing 21 shows the operation gestaU of the ink cartridge and Inkjet recording device 
using the actuator 106 shown in drawing 1 . The Inkjet recording device which has two or more 
ink induction 182 and electrode holders 184 corresponding to each ink cartridge 180 is equipped 
with two or more ink cartridges 180. Two or more ink cartridges 180 hold the ink of a class 
different, respectively, for example, a color. Each base of two or more ink cartridges 180 is 
equipped with the actuator 106 which is a means to detect an acoustic impedance at least. By 
equipping an ink cartridge 180 with an actuator 106, the ink residue in an ink cartridge 180 is 
detectable. 

[0 1 32] fjrawiiig 22 shows the detail of the head section circumference of an Inkjet recording 
device. An Inkjet recording device has the ink induction 182, an electrode holder 184, the head 
plate 186, and a nozzle plate 188. Two or more formation of the nozzle 190 which injects ink is 
carried out at the nozzle plate 188. The ink induction 182 has the air supply opening 181 and the 
ink inlet 1 83. The air supply opening 181 supplies air to an ink cartridge 180. The ink inlet 183 
introduces ink from an ink cartridge 180. An ink cartridge 1 80 has an air induction inlet 185 and 
the ink feed hopper 187. An air induction inlet 185 introduces air from the air supply opening 
181 of the ink induction 182. The ink feed hopper 187 supplies ink to the ink inlet 183 of the ink 
induction 182. When an ink cartridge 180 introduces air from the ink induction 182, supply of 
the ink from the ink cartridge 180 to the ink induction 182 is urged. An electrode holder 184 
opens for free passage the ink supplied through the ink induction 182 from the ink cartridge 180 
on the head plate 186. 

[0133] Drawing 23 shows other operation gestalten of an ink cartridge 180 shown in drawing 20 
. Base 194a by which ink cartridge 180 A of drawing 23 (A) was aslant formed in the vertical 
direction is equipped with the actuator 106. Inside the ink container 194 of an ink cartridge 180, 
the breaking-the-water wall 192 is formed in the actuator 106 of predetermined height, and the 
faced location from the internal base of the ink container 194. Since it is aslant equipped with the 
actuator 106 to the vertical direction of the ink container 194, it becomes the ****** fitness of 
ink. 

[0134] The gap filled with ink is formed between an actuator 106 and the breaking-the-water 
wall 192. Moreover, spacing of the breaking-the-water wall 192 and an actuator 106 is vacated 
for extent with which ink is not held according to the capillary tube force. When the ink 
container 194 rolls, the wave of ink occurs in the ink container 194 interior by rolling, a gas and 
air bubbles are detected by the impact with an actuator 106, and an actuator 106 may incorrect- 
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operate by it. By establishing the breaking-the-water wall 192, the wave of the ink of the actuator 
106 neighborhood can be prevented and incorrect actuation of an actuator 106 can be prevented. 
[0135] It is equipped with the actuator 106 of ink cartridge 180B of drawing 23 (B) on the side 
attachment wall of the feed hopper of the ink container 194. As long as it is near the ink feed 
hopper 187, the side attachment wall or base of the ink container 194 may be equipped with an 
actuator 106. Moreover, as for an actuator 106, it is desirable that the core of the cross direction 
of the ink container 194 is equipped. Since ink passes the ink feed hopper 187 and is supplied 
outside, ink and an actuator 106 contact certainly to an ink near end time by forming an actuator 
106 near the ink feed hopper 187. Therefore, an actuator 106 can detect the time of an ink near 
end certainly. 

[0136] Furthermore, by forming an actuator 106 near the ink feed hopper 187, in case the 
cartridge holder on carriage is equipped with an ink container, positioning with the actuator 106 
on an ink container and the contact on carriage becomes certain. In connection on an ink 
container and carriage, positive association with an ink feed hopper and a supply needle is the 
most important for the reason. It is because its tip of a supply needle is hurt, or a damage will be 
given to sealing structures, such as an O ring, and ink will begin to leak, if there is a gap. In order 
to prevent such a trouble, the Inkjet printer usually has the special structure which can do exact 
alignment, when mounting an ink container on carriage. Therefore, by arranging an actuator near 
the feed hopper, the alignment of an actuator also becomes a positive thing at coincidence. 
Furthermore, alignment can be more certainly carried out by equipping the core of the cross 
direction of the ink container 194 with an actuator 106. When an ink container carries out axial 
rocking a core [ a crosswise center line ] at the time of wearing to a holder, it is because there are 
few the shakes. 

[0137] Drawing 24 shows the operation gestalt of further others of an ink cartridge 180. The 
sectional view which expanded side-attachment- wall 194b of ink cartridge 180C which showed 
drawing 24 (A) in the sectional view of ink cartridge 180C, and showed drawing 24 (B) to 
drawing 24 (A), and drawing 24 (C) are the perspective drawing from the transverse plane. Ink 
cartridge 180C is formed on the circuit board 610 with same semi-conductor storage means 7 
and actuator 106. As shown in drawings 2^^ (B) and (C), the semi-conductor storage means 7 is 
formed above the circuit board 610, and the actuator 106 is formed under the semi-conductor 
storage means 7 in the same circuit board 610. Side-attachment-wall 194b is equipped with 
variant O ring 614 so that the perimeter of an actuator 106 may be surrounded. Two or more 
formation of the caulking section 616 for joining the circuit board 610 to the ink container 194 is 
carried out at side-attachment-wall 194b. while the oscillating field of an actuator 106 can be 
made to perform contacting ink by joining the circuit board 610 to the ink container 194, and 
pushing variant O ring 614 against the circuit board 610 by the caulking section 616 ~ the 
exterior and the interior of an ink cartridge ~ liquid ~ it is kept dense. 

[0138] The terminal 612 is formed in the semi-conductor storage means 7 and semi-conductor 
storage means 7 neighborhood. A terminal 612 delivers the signal between the semi-conductor 

storage means 7 and the exteriors, such as Inkjet storage. The semi-conductor storage means 7 
may be constituted by the rewritable semiconductor memory of EEPROM etc. On the same 
circuit board 610, since it is, the semi-conductor storage means 7 and an actuator 106 end like 1 
time of a shipfitter, formation, now in case an actuator 106 and the semi-conductor storage 
means 7 are attached in ink cartridge 180C. Moreover, the routing at the time of manufacture of 
ink cartridge 1 80C and recycle is simplified. Furthermore, since the mark of components are 
reduced, the manufacturing cost of ink cartridge 180C can be reduced. 
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[0139] An actuator 106 detects the consumption condition of the ink in the ink container 194. 
The semi-conductor storage means 7 stores the information on ink, such as an ink residue which 
the actuator 106 detected. That is, the semi-conductor storage means 7 stores the information 
about property parameters, such as the property of the ink used in case it detects, and an ink 
cartridge. The semi-conductor storage means 7 stores the resonance frequency of the time of an 
end, at i.e., the that the ink in the ink container 194 was consumed time, as one of the property 
parameters, when the ink in the ink container 194 is full beforehand (i.e., when ink is filled in the 
ink container 194). The ink in the ink container 194 may be stored when, as for the resonance 
frequency of full or an end condition, an Inkjet recording device is equipped with an ink 
container for the first time. Moreover, as for the resonance frequency of full or an end condition, 
the ink in the ink container 194 may be stored during manufacture of the ink container 194. 
Resonance frequency in case the ink in the ink container 194 is full or an end beforehand is 
stored in the semi-conductor storage means 7, and since dispersion at the time of detecting an ink 
residue by reading the data of resonance frequency by the Inkjet recording apparatus side can be 
amended, it is correctly detectable that the ink residue decreased to the reference value. 
[0140] Drawing 25 shows the operation gestah of further others of an ink cartridge 180. Ink 
cartridge 180D shown in drawing 25 (A) equips side-attachment-wall 194b of the ink container 
194 with two or more actuators 106. It is desirable to use two or more really fabricated actuators 
106 which were shown in drawing 5 as an actuator 106 of these plurality. Two or more actuators 
106 set spacing in the vertical direction, and are arranged at side-attachment-wall 194b. By 
setting two or more actuators 106 in the vertical direction, and arranging spacing for them in it at 
side-attachment- wall 194b, an ink residue is gradually detectable. 

[0141] Ink cartridge 180E shown in drawing 25 (B) equips side-attachment- wall 194b of the ink 
container 194 with the actuator 606 long in the vertical direction. Change of the ink residue in 
the ink container 194 is continuously detectable in the vertical direction with the long actuator 
606. the die length of an actuator 606 has the die length more than one half of height in side- 
attachment- wall 194b — desirable — drawing 25 (B) ~ setting ~ an actuator 606 ~ side- 
attachment- wall 194b — it has the die length to a lower limit mostly from upper limit. 
[0 1 42] Like ink cartridge 1 80D shown in drawmg. 25 (A), ink cartridge 1 80F shown in drawing 
25 (C) equip side-attachment- wall 194b of the ink container 194 with two or more actuators 106, 
set predetermined spacing to confrontation of two or more actuators 106, and are equipped with 
the long breaking-the-water wall 192 in the vertical direction. It is desirable to use two or more 
really fabricated actuators 106 which were shown in drawing 5 as an actuator 106 of these 
plurality. The gap filled with ink is formed between an actuator 106 and the breaking-the-water 
wall 192. Moreover, spacing of the breaking-the-water wall 192 and an actuator 106 is vacated 
for extent with which ink is not held according to the capillary tube force. When the ink 
container 194 rolls, the wave of ink occurs in the ink container 194 interior by rolling, a gas and 
air bubbles will be detected by the impact with an actuator 106, and an actuator 106 may 
incorrect-operate by it. By establishing the breaking-the-water wall 192 like this invention, 
****** of the ink of the actuator 106 neighborhood can be prevented and incorrect actuation of 
an actuator 106 can be prevented. Moreover, the air bubbles generated because ink rocks the 
breaking-the-water wall 192 prevent invading into an actuator 106. 

[0143] Drawing 26 shows the operation gestalt of fiirther others of an ink cartridge 180. Ink 
cartridge 180G of drawing 26 (A) have two or more septa 212 caudad prolonged from top-face 
194c of the ink container 194. Since predetermined spacing is vacated, the lower limit of each 
septum 212 and the base of the ink container 194 are opening the pars basilaris ossis occipitalis 
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of the ink container 194 for free passage. Ink cartridge 180G have two or more hold rooms 213 
divided as two or more septa 212 be alike, respectively. The pars basilaris ossis occipitalis of two 
or more hold rooms 213 is mutually open for free passage. In each of two or more hold rooms 
213, top-face 194c of the ink container 194 is equipped with the actuator 106. It is desirable to 
use the really fabricated actuator 106 which was shown in drawing 5 as an actuator 106 of these 
plurality, an actuator 106 ~ top-face 194c of the hold room 213 of the ink container 194 ~ it is 
mostly arranged in the center. The capacity of the hold room 213 is becoming small gradually as 
the capacity of the hold room 213 has the largest ink feed hopper 187 side and it keeps away 
from the ink feed hopper 187 into the ink container 194. Therefore, spacing by which an actuator 
106 is arranged is narrow as the ink feed hopper 187 side is large and keeps away from the ink 
feed hopper 187 into the ink container 194. 

[0144] Since ink is discharged from the ink feed hopper 187 and air enters from an air induction 
inlet 1 85, ink is consumed at the hold room 213 of the direction in the inner part of ink cartridge 
180G from the hold room 213 by the side of the ink feed hopper 187. For example, while the ink 
of the hold room 213 nearest to the ink feed hopper 187 was consumed and the water level of the 
ink of the hold room 213 nearest to the ink feed hopper 187 has fallen, ink is filled at other hold 
rooms 213. If all the ink of the hold room 213 nearest to the ink feed hopper 187 is consumed, air 
will count from the ink feed hopper 187, and will trespass upon the 2nd hold room 213, the ink 
in the 2nd hold room 213 will begin to be consumed, and the water level of the ink of the 2nd 
hold room 213 will begin to fall. It counts from the ink supply room 187, and ink is filled at this 
time at the hold room 213 of the 3rd henceforth. Thus, ink is consumed in order at the hold room 
213 distant from the hold room 213 near the ink feed hopper 187. 

[0145] Thus, since an actuator 106 sets spacing to top-face 194c of the ink container 194 and is 
arranged every hold room 213 at it, as for an actuator 106, reduction of the amount of ink is 
gradually detectable. Furthermore, since the capacity of the hold room 213 is becoming small 
gradually into the ink feed hopper 187 to the hold room 213, it can detect frequency highly, so 
that the time interval to which an actuator 106 detects reduction of the amount of ink becomes 
small gradually and approaches an ink end. 

[0146] Ink cartridge 180H of dr.avvj.ng.26 (B) have one septum 212 caudad prolonged from top- 
face 194c of the ink container 194. Since predetermined spacing is vacated, the lower limit of a 
septum 212 and the base of the ink container 194 are opening the pars basilaris ossis occipitalis 
of the ink container 194 for free passage. Ink cartridge 180H have two hold rooms 213a and 
213b divided by the septum 212. The pars basilaris ossis occipitalis of the hold rooms 213a and 
213b is mutually open for free passage. The capacity of hold room 213a by the side of the ink 
feed hopper 187 is seen from the ink feed hopper 187, and is larger than the capacity of hold 
room 213b in the direction of back. As for the capacity of hold room 213b, it is desirable that it is 
smaller than the one half of the capacity of hold room 213a. 

[0147] Top-face 194c of hold room 213b is equipped with an actuator 106. Furthermore, the 
buffer 214 which is the slot which catches the air bubbles into which it goes at the time of 
manufacture of ink cartridge 180H is formed in hold room 213b. In drawing 26 (B), a buffer 214 
is formed as a slot which extends in the upper part from side-attachment-wall 194b of the ink 
container 194. Since the air bubbles which invaded in ink hold room 213b are caught, as for a 
buffer 214, an actuator 106 can prevent an ink end and the incorrect actuation to detect with air 
bubbles. Moreover, ink can be consumed to the last by applying the amendment corresponding to 
the consumption condition of the ink in hold room 213a grasped with the dot counter to the 
amount of ink after an ink near end is detected until it will be in ink and a condition completely 
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by forming an actuator 106 in top-face 194c of hold room 213b. Furthermore, the amount of ink 
after ink near end detection which can be consumed is changeable by adjusting the capacity of 
hold room 213b by changing the die length and spacing of a septum 212 etc. 
[0148] As for drawing 26 (C), hold room 213b of ink cartridge 1801 of drawing 26 (B) is filled 
up with the porosity member 216. The porosity member 216 is installed so that the whole space 
from the top face in hold room 213b to an inferior surface of tongue may be filled. The porosity 
member 216 contacts an actuator 106. During the reciprocating motion the time of an ink 
container falling, and on carriage, air may invade in ink hold room 213b, and this may cause 
incorrect actuation of an actuator 106. However, if it has the porosity member 216, it can prevent 
catching air and air going into an actuator 106. Moreover, since the porosity member 216 holds 
ink, when an ink container shakes, it can prevent applying ink to an actuator 106 and an actuator 
106 incorrect-detecting those without ink with those with ink. As for the porosity member 216, it 
is desirable to install in the hold room 213 where capacity is the smallest. Moreover, by forming 
an actuator 106 in top-face 194c of nature of hold 213b, amendment can be applied to the 
amount of ink after an ink near end is detected until it will be in ink and a condition completely, 
and ink can be consumed to the last. Furthermore, the amount of ink after ink near end detection 
which can be consumed is changeable by adjusting the capacity of hold room 213b by changing 
the die length and spacing of a septum 212 etc. 

[0149] Drawing 26 (D) shows ink cartridge 180 J from which the porosity member 216 of ink 
cartridge 1801 of drawing 26 (C) is constituted by two kinds of porosity members 216A and 
216B from which an aperture differs. Porosity member 216A is arranged above porosity member 
216B. The aperture of upper porosity member 21 6A is larger than the aperture of lower porosity 
member 216B. Or porosity member 216A is formed by the member with low liquid 
compatibility rather than porosity member 21 6B. Since the capillary tube force is larger than 
large porosity member 216A of an aperture, the ink in hold room 213b gathers for lower porous 
chamber portion material 216B, and the direction of small porosity member 216B of an aperture 
is held. Therefore, once even an actuator 106 reaches and air detects those without ink, ink will 
reach an actuator again and it will not detect with those with ink. Furthermore, ****** of about 
106-actuator ink becomes good by ink being absorbed by porosity member 21 6B of a side far 
from an actuator 106, and the variation of the acoustic-impedance change when detecting ink 
existence becomes large. Moreover, by forming an actuator 106 in top-face 194c of nature of 
hold 213b, amendment can be applied to the amount of ink after an ink near end is detected until 
it will be in ink and a condition completely, and ink can be consumed to the last. Furthermore, 
the amount of ink after ink near end detection which can be consumed is changeable by adjusting 
the capacity of hold room 213b by changing the die length and spacing of a septum 212 etc. 
[0150] Drawing 27 is the sectional view showing ink cartridge 180K which are other operation 
gestalten of ink cartridge 1801 shown in drawing 26 (C). The porosity member 216 of an ink 
cartridge 180 shown in drawing 27 is compressed so that the horizontal cross section of the lower 
part of the porosity member 216 becomes small gradually towards the direction of the base of the 
ink container 194, and it is designed so that an aperture may become small. In order to compress 
ink cartridge 180K of drawing 27 (A) so that the aperture in the direction of under the porosity 
member 216 becomes small, the rib is prepared in the side attachment wall. Since the aperture of 
the porosity member 216 lower part is small by being compressed, ink is collected in the porosity 
member 216 lower part, and is held. By ink being absorbed by the porosity member 216 lower 
part of a side far from an actuator 106, ****** of about 106-actuator ink becomes good, and the 
variation of the acoustic-impedance change when detecting ink existence becomes large. 
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Therefore, when ink shakes, ink is appUed to the actuator 106 with which ink cartridge 180K top 
face was equipped, it can keep, and an actuator 106 can prevent incorrect-detecting those without 

ink with those with ink. 

[015 1] On the other hand, in order that the horizontal cross section of the lower part of the 
porosity member 216 may compress ink cartridge 180L of drawing 27 (B) and drawin g 27 (C) in 
the cross direction of the ink container 194 to become small gradually towards the base of the ink 
container 194, the horizontal cross section of a hold room is becoming small gradually towards 
the direction of the base of the ink container 194. Since the aperture of the porosity member 216 
lower part is small by being compressed, ink is collected in the lower part of the porosity 
member 216, and is held. By ink being absorbed by the lower part of porosity member 216B of a 
side far from an actuator 106, ****** of about 106-actuator ink becomes good, and the variation 
of the acoustic-impedance change when detecting ink existence becomes large. Therefore, when 
ink shakes, ink is applied to the actuator 106 with which the top face of ink cartridge 180L was 
equipped, it can keep, and an actuator 106 can prevent incorrect-detecting those without ink with 
those with ink. 

[0152] Drawing 28 shows the operation gestalt of further others of the ink cartridge which used 
the actuator 106. Ink cartridge 220A of drawing 28 (A) has the 1st septum 222 formed so that it 
might extend from the top face of ink cartridge 220A to a lower part. Since predetermined 
spacing is vacated between the lower limit of the 1st septum 222, and the base of ink cartridge 
220A, ink can flow into the ink feed hopper 230 through the base of ink cartridge 220A. From 
the 1st septum 222, the 2nd septum 224 is formed in the ink feed hopper 230 side so that it may 
extend more nearly up than the base of ink cartridge 220A. Since predetermined spacing is 
vacated between the upper limit of the 2nd septum 224, and an ink cartridge 220A top face, ink 
can flow into the ink feed hopper 230 through the top face of ink cartridge 220 A. 
[0153] By the 1st septum 222, it sees from the ink feed hopper 230, and 1st hold room 225a is 
formed in the direction in the inner part of the 1st septum 222. On the other hand, by the 2nd 
septum 224, it sees from the ink feed hopper 230, and 2nd hold room 225b is formed in the near 
side of the 2nd septum 224. The capacity of 1st hold room 225a is larger than the capacity of 2nd 
hold room 225b. The capillary tube way 227 is formed by vacating only spacing which can cause 
capillarity between the 1st septum 222 and the 2nd septum 224. Therefore, the ink of 1st hold 
room 225a is brought together in the capillary tube way 227 according to the capillary tube force 
of the capillary tube way 227. Therefore, a gas and air bubbles can prevent mixing to 2nd hold 
room 225b. Moreover, the water level of the ink in 2nd hold room 225b can descend gradually 
stably. Since it sees from the ink feed hopper 230 and 1st hold room 225a is formed in the back 
from 2nd hold room 225b, after the ink of 1st hold room 225a is consumed, the ink of 2nd hold 
room 225b is consumed. 

[0154] The side attachment wall by the side of the ink feed hopper 230 of ink cartridge 220A, 
i.e., the side attachment wall by the side of the ink feed hopper 230 of 2nd hold room 225b, is 
equipped with the actuator 106. An actuator 106 detects the consumption condition of the ink in 

2nd hold room 225b. By equipping the side attachment wall of 2nd hold room 225b with an 
actuator 106, when near, an ink residue is stably detectable with an ink end. Furthermore, it can 
set up freely which time the ink residue in is made into an ink end by changing the height which 
equips the side attachment wall of 2nd hold room 225b with an actuator 106. Since an actuator 
106 is not influenced by the ink by rolling of ink cartridge 220A of rolling when ink is supplied 
to 2nd hold room 225b by the capillary tube way 227 from 1st hold room 225a, an actuator 106 
can measiire an ink residue certainly. Furthermore, since the capillary tube way 227 holds ink, 
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ink protects flowing backwards to 1st hold room 225a from 2nd hold room 225b. 
[0155] The check valve 228 is formed in the top face of ink cartridge 220A. By the check valve 
228, when ink cartridge 220A rolls, it can prevent ink leaking to the ink cartridge 220A exterior. 
Furthermore, the evaporation from ink cartridge 220A of ink can be prevented by installing a 
check valve 228 in the top face of ink cartridge 220A. If the ink in ink cartridge 220A is 
consumed and the negative pressure in ink cartridge 220A exceeds the pressure of a check valve 
228, a check valve 228 will open, air will be inhaled to ink cartridge 220A, it will close after 
that, and the pressure in ink cartridge 220A will be held uniformly. 

[0156] Drawing 28 (C) and (D) show the cross section of the detail of a check valve 228. The 
check valve 228 of drawing 28 (C) has the valve 232 which has wing 232a formed of rubber. 
The air hole 233 with the exterior of an ink cartridge 220 counters wing 232a, and is prepared in 
an ink cartridge 220. An air hole 233 is opened and closed by wing 232a. If the ink in an ink 
cartridge 220 decreases in number and, as for a check valve 228, the negative pressure in an ink 
cartridge 220 exceeds the pressure of a check valve 228, wing 232a will open inside an ink 
cartridge 220, and will adopt external air in an ink cartridge 220. The check valve 228 of 
drawing 28 (D) has the valve 232 and spring 235 which were formed of rubber. If the negative 
pressure in an ink cartridge 220 exceeds the pressure of a check valve 228, a valve 232 will press 
and open a spring 235, will inhale external air in an ink cartridge 220, will close a check valve 
228 after that, and it will hold the negative pressure in an ink cartridge 220 uniformly. 
[0157] Ink cartridge 220B of drawing 28 (B) arranges the porosity member 242 to 1st hold room 
225a instead of forming a check valve 228 in ink cartridge 220A of drawing 28 (A). The porosity 
member 242 prevents ink leaking to the exterior of ink cartridge 220B, when ink cartridge 220B 
rolls, while holding the ink in ink cartridge 220B. 

[0158] As mentioned above, in the carriage and the ink cartridge of another object with which 
carriage is equipped, although the case where an ink cartridge or carriage was equipped with an 
actuator 106 was described, it unites with carriage and the ink tank with which an ink jet 

recording apparatus is equipped with carriage may be equipped with an actuator 106. 
Furthermore, the ink tank of the off-carriage method which supplies ink to carriage may be 
equipped with an actuator 106 through the tube of carriage and another object etc. Furthermore, 
the ink cartridge which the recording head and the ink container were united and was constituted 
exchangeable may be equipped with the actuator of this invention. 

[0159] As mentioned above, although this invention was explained using the gestalt of operation, 
the technical range of this invention is not limited to the range given in the gestalt of the above- 
mentioned implementation. Various modification or amelioration can be added to the gestalt of 
the above-mentioned implementation. It is clear from the publication of a claim that the gestalt's 
which added such modification or amelioration it may be contained in the technical range of this 
invention. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the detail of an actuator 106. 

[Drawing 2] It is drawing showing the circumference of an actuator 106, and its equal circuit. 
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[Drawing 3] It is drawing showing the relation between the consistency of ink, and the resonance 
frequency of the ink detected by the actuator 106. 

[Drawing 4] It is drawing showing the back EMF wave of an actuator 106. 

[Drawing 5] It is drawing showing other operation gestalten of an actuator 106. 

[ Drawing 6 j It is drawing showing some cross sections of the actuator 106 shown in drawing 5 . 

[Drawing 7] It is drawing showing the cross section of the whole actuator 1 06 shown in drawing 

6 . 

[Drawing 8] It is drawing showing the manufacture approach of the actuator 106 shown in 
drawing 5 . 

[Drawing 9 ] It is drawing showing the operation gestalt of further others of the ink cartridge of 
this invention. 

[Drawing 10] It is drawing showing other operation gestalten of through tube Ic. 
[ Drawing 1 1 ] It is drawing showing other operation gestalten of an actuator 660. 

[Drawing 12] It is drawing showing the operation gestalt of fiirther others of an actuator 670. 
[Drawing 13] It is the perspective view show ing the module object 100. 

[Drawing 14] It is the exploded view show ing the configuration of the module object 100 shown 
in drawing 13 . 

[Drawing 15] It is drawing showing other operation gestalten of the module object 100. 
[Drawing 16] It is the exploded view showing the configuration of the module object 100 shown 
in drawing 15 . 

[Drawing 17] It is drawing showing the operation gestalt of further others of the module object 
100. 

[Drawing 1 8] It is drawing showing the example of the cross section which equipped the ink 
container 1 with the module object 100 shown in drawing 13 . 

[Drawing 19] It is drawing showing the operation gestalt of further others of the module object 
100. 

[Drawing 20] It is drawing showing the operation gestalt of further others of the module object 
100. 

[ Drawing 2 1 ] It is drawing showing the operation gestalt of the ink cartridge and Inkjet 

recording device using the actuator 106 shown in drawing 1 and drawing 2 . 

[Drawing 22] It is drawing showing the detail of an Inkjet recording device. 

[Drawing 23] It is drawing showing other operation gestalten of an ink cartridge 180 shown in 

drawing 22 . 

[Drawing 24] It is drawing showing the operation gestalt of further others of an ink cartridge 
180. 

[Drawing 25] It is drawing showing the operation gestalt of further others of an ink cartridge 
180. 

[Drawing 26] It is drawing showing the operation gestalt of further others of an ink cartridge 
180. 

[Drawing 27] It is drawing showing other operation gestalten of an ink cartridge 180 shown in 
drawing 26 (C). 

[Drawing 28] It is drawing showing the operation gestalt of fiirther others of the ink cartridge 
using the module object 100. 
[Description of Notations] 
1 ... Container 
la ... Base 
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lb ... Side attachment wall 
Ic, 940a ... Through tube 
Id ... Side face 

le, If... Level difference section 

Ig, Ih ... Slot 

2 ... Ink feed hopper 

67 ... Plate 

68 ... Float 

71 ... Adhesives layer 

78 80,178 ... Substrate 

73, 82, a piezo-electric diaphragm 

74 75 ... Ink absorber 

76 ... Packing 

77 ... Caulking hole 
81 ... Crevice 

100,400 500,700 ... Module object 

101, 401, 501 ... Liquid-container attachment section 

102 ... Pedestal 

104 362 ... Reed wire 

105, 405, 505 ... Piezoelectric device applied part 

106, 650, 660, 670 ... Actuator 



108 . 


.Film 


110. 


. Plate 


112,412, 370 ...Through tube 


113 . 


. Crevice 


114. 


. Opening 


116. 


. Cylinder section 


160 . 


. Piezo-electric layer 


162. 


. Cavity 


164 . 


. Up electrode 


166. 


. Lower electrode 


168 . 


. Up electrode terminal 


170. 


. Lower electrode terminal 


172. 


. Auxiliary electrode 


174 . 


. Piezoelectric device 


176 . 


. Diaphragm 


180 . 


. Ink cartridge 


181 . 


. Air supply opening 


182 . 


. Ink induction 


183 . 


. Ink inlet 


184 . 


. Electrode holder 


185 . 


. Air induction inlet 


186 . 


. Head plate 


187 . 


. Ink feed hopper 


188 . 


. Nozzle plate 


190. 


. Nozzle 
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192 .. 


Breaking-the-water wall 


194 .. 


Ink container 


194a 


.. Base 


194b 


.. Side attachment wall 


194c 


.. Top face 


212 .. 


Septum 


213, 213a, 213b ... Hold room 


214 .. 


Buffer 


216,2 


16a, 216b ... Porosity member 


220 .. 


Ink cartridge 


222 .. 


The 1st septum 


224 .. 


The 2nd septum 


225a 


. . 1 st hold room 


225b 


. . 2nd hold room 


227.. 


Capillary tube way 


228 .. 


Check valve 


230 .. 


Ink feed hopper 


232 .. 


Valve 


232a 


.. Wing 


233 .. 


Air hole 


235 .. 


Spring 


242 .. 


Porosity member 


250.. 


Carriage 


252.. 


Recording head 


254 .. 


Ink supply needle 


256 .. 


Subtank unit 


258 258' ... Heights 


260 260' ... Elastic wave generating m 


262 .. 


Ink room 


266.. 


Film valve 


270.. 


Valve element 


272 .. 


Ink cartridge 


274 .. 


Container 


274a 


.. Base 


274b 


.. Side face 


276 .. 


Ink feed hopper 


278 .. 


Crevice 


280 280' ... Gelation material 


282.. 


Packing 


284.. 


Spring 


286 .. 


Valve element 


288 .. 


Semi-conductor storage means 


290 .. 


Container 


290a 


.. Base 



292, 294, 296 ...Ink room 
298, 300, 302 ... Ink feed hopper 
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304, 306, 308 ... Gelation material 

310, 312, 314 ...Crevice 

316 ...Plate 

318 ...Float 

350 ... Attachment plate 

360 ... Liquid-container attachment section 

364 ... Mold section 

372 ... Sealing structure 

402 502 ... Pedestal 

403 503 ... Cylinder section 

404 504 ...Reed wire 
408 508 ... Film 
410 510 ...Plate 

413 513 ... Crevice 

414 514 ... Opening 
600 ... Mold structure 
606 ... Actuator 

610 ... Circuit board 

612 ... Terminal 

940 941 ... Green sheet 

942 944 ... Conductive layer 

944' ... Connection 

947 948 ... Spacing member 

delta hi, delta h2 ... Change of an oil level 

K ... Ink 
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Mact = Mpzt + Melectrodel + Mel( 

1 6 0 t ffilS 1 6 0 CD*g t CD^^JIWi 1 6 
0(DmnxmLfch(O-^h?>o Melectrodelt*, mWlU 
}C*5(t5±^«^il 6 4rol¥^ i:±§|5Ml 6 4(Dm& 

electrode2E4. St!)^lCi3(tST^«ffi 1 6 6<Di¥^t 

Tfpmsi 6 6«^®iti:co»^T3?ssi 6 ecommx- 

7 6®l?$tS»tSl 7 60«St»«%Slb«l 7 6 
©Sl!)ffi«©ffia-e»Lfc%C0T*fe5o fclTcL. Mact 
?r»f|5^fl:t LT©j¥$. j;t^ffi«;^)^?5»Hi-r 
5 r t tiX^ 5 i 5 *^Jg«r-!4, i±«M 16 0. 

±^mm 16 4. T§i5«s 1 6 6 ioiummm 1 7 e » 



[0 0 4 0] m:\ gll*Dj;tFg|2Sr#BBb/<e;5Sbii^ 

mm^(owm^x?>mi^tT^^^^-^ 1 0 ewss 

0 6!::*5V>T. ±$K«SS^ 1 6 8 *3 <£ r/T$l5«ffifflT- 

1 7 O^ifhLT. ith^'n±^Mmi 6 4d3i05T§l5« 
11 1 6 6 t::«JE^M-r 5o J±«Ji 1 6 0 cD 5 t^. 

1 6 4*3j;t;?TgB«11 1 6 6 Km-^ixtzn^K\m 
#;4S^C5„ ^ro«#}cj;o-c. l 6 o 

5o mmmieoammi-^^tKX'^xmm^n 6 

(D 5 *>rofiftMJ^^5fci^^^i|,i-5„ 1 6 0 i)>m 

[0 0 4 1 ] jmmmu. r^'r^:^~9 1 o ewgtt) 

St«#:t®gftS«-C*5o «eo-C. JI«S1 6 0(C 

0 6 coSil)g|I^M»]^*5fc*. ^£mm l 6 O Srt^Jl^ 

i-So ^j£oT. nmJi 1 6 o(4j$^3«^^5i^i£-r5„ ^ 
coaftei;;^!!. AiUmmi 6 4. T$r^asi e ±$|3 
1 6 8 do it/ Kg|5«tlST- 1 7 0 SriTrLT^tti 

[0 04 2] -^{r. ^mmmw f s 

(S;i) 

^ t'X-f (C-r ^^^';i3^#LTV^!^j:V^fc tWT^i'^'aLai- 
^l 0 BcDSsjgpjoi-osdr^ifT^^ 1 6 2(Dmmm'^x 

[0 0 4 4] Macttt. ««§|5®ff S t SftlfB©** i 

(4. 0 2 (A)(C7]^-rJ; 

,ecti-ode2 + Mvib (S:2) 

111 6 4*3j;-05T§|5«1Sl 6 6^;l^3^^T^4, mibcD^ 

3.31—^5? 1 0 6Kj3V^-C. Mact{4, ±^*1i 1 6 4. 

TSfms 16 6, !±mm 1 6 o it/sfts 1 7 e « 5 
■h(Dm.mm^<D^ti^iz(D4i--^>y^co^xh^o 4 

fc. :n^y7^T^^v^Cact(±. ±f 1 6 4 . TtB 

S11 16 6, jisji 160 ^xnmm^ i ? 6 © 5 

[0 0 4 5] f^. 02 (A). 02 (B), 02 (D), 
0 2 (F)(l. ri^5^^3i-i5' 1 0 6©S»]$|5*Dj;tJ«=3r 
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>-y7'fT:/xSr^-ro Cpzt, C electrode!, C elect 



6(0=t>-7°7-rT>^>^^^%-r„ CactH, JJJIT»S:3T' 
[0 0 4 6] 



1/Cact= (1/Cpzt) + (1/Celectrodel) + (l/Celectrode2) + (1/Cvib 
) i^3) 



S:2*3j;t;S;3i9. g|2 (A)ft, 02 (B)®i5i- 
[0 0 4 7] ^y:/74r>':^Cacm. mW}U<DS^&. 

5#:a^S1-„ =>>'7'7^T:/;^Cactt4, ^?]^ 

» L J, ^ ^Si" t V ^o -c 'fe i V \ 
[0 0 4 8] 02 (C)}*, ?R#:^^(C?Rfr^S+^(Cl|X 

M ' max= ( 7c * p / (2*k^) ) * (2* (2*k*a) V(i*7i))/(7i 

5„ ) 

[0 0 5 0] r'«$tl5„ ^, ^4!1, T^'^rLo:-^ 
1 0 6©Sftffi«:a5^j£gaOH?l^r'fo5^^^c^i:■t- 
rt^r^^ffi-e&So S:4;^^bt);*^?>J: 51-, M' max 

[00 5 1] mmm. 

k = 2*7c* fact/c (^5) 

(facti4«#:^5ft|J^^-c^^fiV^i:t^o®if)g|5co*gJg»» 
[0 0 5 2] -e^^ixSo 

[0 0 5 3] gl 2 (D) Kf*^^(cSf*;i5+5>(i;jR 
^Wc$nTV^5la2 (C)cD*^©T^^^3i-^ 1 

■To 

[0 0 5 4] 02 (E)(±, mi¥m^(Dmmmm^ 

V^fcCDCO, TiJ'f^s.ai— ^ 1 0 660^^ t'x^" 1 6 2 

ft::^:W-f-^— ^>';^M' max^g-t^-efeSo ?K 
^^c»:g&rtroffi^f:;a5?«»$^^, ^-rfx^ 1 6 2rt(CfS#: 
^sagLooTi^^^J^-^ 1 0 6 cofitf)M«®Jl)at- 

[0 0 5 5] M' =p*t/S (S;6) 

ii. T^'^a^i-^ 1 0 6©fiibffi«©ffi^Tfcs„ ;i 

r^f-^^~9 1 0 6(Dmmmii(o 



;JWc $ tl.TV ^ 5 m-^cor^ 9=-^ a- 3^ 1 0 6CO8)fffi0 
^^i-„ 0 2 (C)WM' maxH, 

(ciR^^^x, r^f^^a:^-^ 1 0 6(DmW}mm<DHm\c 

^^i-o M' maxtt, 
[0 0 4 9] 

(S;4) 

[0 0 5 6] Z^X\ 0 2 (E)coJ;5f-, l«fr^^<?3 

23^-?^^$^5*v^t©®. Ti?f-3.a:— 3? 1 0 6 6D^-Yf 

1 6 2p^lrii^^fr^sa#LTv^;5®^o#^P-f•f- 

^^;^M' ^-fllll^lrM' cavtL, r^^3.J^— ^1 
M-<-r~^y:^M' maxtEglJf 5o 

[0 0 5 7] 02 (F)}4, ?R^f:«:g&roM^*;S5?«»$ 
il^ r^^^^ai-^ 1 0 6 C0SI()^«(7)jgi22{C«^;iS4i 
l^'fcroo, T:J'f-3.3i— ^ 1 0 erodf-^fri' 1 6 2rt 

1 0 6WtgIi)§B*3j;0!dr^t-x^ 1 6 2©^«I1IK 

[0 0 5 8] mwff)'m^scfm-t^^^y^-9 

S;6^i*DV^T, ^#:c055*p*Dj;t/Ef*:®if:$ tT' 
Ti?^=L3i-^i 0 6(D««S|5}c«|$;asSfi4L, |« 

^:t.~9iQ%<nmi<r>m.mm^^i\^. 02 (o© 

M' iDax;5^P>0 2 (E)®M' cav^^ffl-Siifef^JSit 

[0 0 5 9] 

M' cav=p*d/S (S;7) 

[0 0 6 0] Sfc. iffi#:^S2^^^::g5g«M?'=e5«^*f fc 



[0 0 6 1] 0 3 (A) (1. i/^'^'i/^I^CD-r^^C) 

[0 0 6 2] -r>'^^§^{;^i^.^^5+5>(:ii|X^^n> T 
1 0 6®i!gif)fJit(Djliia(;-f 
^L-CV^SS-a-iCfi, ^(D^XmU4i-—?y:^M' max 

tt, df^ifT^^ 1 6 2F*3{C?S#:^S^SbooT^^rt3: 

1 0 6(Dmmm-^'Dmm\c4yi'i)mtc^Kr\^^f£ 

t^^*'5v^T^^6t<toT»ffi$i^5o S6 4icDtii« 

0 6®:3r^t'~T^ 1 6 2©<1 (HI (B) #fiaO^/h$ 

(0 2 (c)#M) o iiT\ ^im-mm-ct^t^t> 

'^4-y^<D%%h\^. t ink-maxtSM' max|C*5ft2) t i 
a.:!.-^ 1 0 6^^^^^CDlSffiK*fLTiS{J7K¥(Cga« 

1 0 6;5>f5 t©i^§Ji(T(-a-r?)i:. s^^ei^ii^M' 

[0 0 6 3] T^^^3^-^ 1 0 6<7)»M«^ 

M' =M' air+M' iiik= pair* 
tJ'iSo rr-C, M' air[*^acD-r-:^-^Vy^-efe 

«,<»^S-eab 9 . pink«^>':J'roiSaT'fe5o tairfi 

h^4y^<Dm^X-h^. T^'f-^::t-i?l 0 6<Dfitb 

4 y ^ <Dmmi^MU3:&A^{cMm^irrv^?>m^i^ 

il, tair;i5ltJpL, t mkibm^J^-t^o ^tli^ii^X. 

7 i::doV^r^«#:co^^co^(7)S;t;iorv^5(o^±. fK#: 



m^\m9^fhx\^<mn^^tii-r^^t%x%6o m 

Wimmm-r?>t. :^&(Dis.ri^m'mMi-~^y:^ 
\cmM-t?>o V^^x. ^yi^tDmrnii^. 1 e 

2co^2a (02 (C)#fli) (D^m^Kh^WO. T 
ir'^^oL-^ 1 0 6f4-I'>'i!'ro^i»^^^lr#>^r^C«^W1- 
[0 0 6 4] ins (A)®ft^Xi4, r 1 0 
rL3i->5^1 0 6©Si)^«^+i>{cA§<*fc}lS< L 

fc»-^®-r y^ n\cim^nf^4 y^ n^t^y 

\'<m^-f)mmx^^. 

[0 0 6 5] i'9P*)i'i±, ^y^'^5#;>^fcm»^tiT 
V K ii ft 5r ^ a) -r 5 r. ^ 5 - e- 1 5 iM-^ t ( ± , r 

1 0 6CO^i]ffl«CDJl5a}::i3V^T, Sv^lc«a;4S^ 

Wtkxh^o 4y-!^i>>%A\mm-^fix\^<\m^x. 
T^f-^:^!-^ 1 0Q<Dmmw$.mmK^\^x-miKf)^ 

01Jx.ll. r^^=>-:x—f! I OQ^yfiy^ommk^m^X 
7K¥l-SB{i L/c±J-&-efco-C. t ink^S t ink-maxi 19 
/h$i^t^i::(±. r^^=^^-9 1 0 6 <DSl!)(cd^;5^*3 

©M' max£AT(-^^ofc^fl|^^i/^t^^$©#JP«* 

x^-tt. 

[0 0 6 6 ] 

air/S + pink*tink/S (SlS) 

-a-^fflS LTV ^ 5 P> -Cfe 5„ 
[0 0 6 7] r^^^az-^ 1 0 6;S5-l'>':i'<D?^ffl{C^ 

1 0 6 <z)S»)M«ra 5 T^f-3.3z-i? 1 0 eroSK 

(0^*-f) i:#x.e.tL5„ T^^^^-^10 

inkt L. T^'^a^i-^ 1 0 6 0Si!ifJ:;4^>4*5^#: 
dS^^CD;2^C0ffi«®®a^ S air t -r S t , 
[0 0 6 8] 



1/M' =1/M' air+l/M' ink=Si 
k ) (^9) 

[0 0 6 9] S;9(4, T^'^^a.:!:-^ 1 0 60df-^ 

[0 0 7 0] Sffil 7 8;i5ff<, BP*>, ^^Ifx 

^16 2 cD??il§ d r>m< . d :dS!SR#:coff$ t ink-maxtr 

ic^^iSo Mx.«. ig3(A)(Dft^Y!l, /^$V^RJ1^(DS 

imifis)]?fi5'/5*iijii?s#: f s imL<mtLx\^'?>m^ 
[0 0 7 1] r^^3.3i-^ 1 0 e^ffiv^TMfrra^* 

^'Dmmi^iioXBm^ti^ff\ r^^^^^^-^^i oe 

^M^^xmwn^Mmtii-r?>:^m\-i. -mwrnm^ff^m 
H^mR-(^-fy^(Dmm\cx<>x. mmiti^£^\ m 

<D^momtii(DM^^-t6:ztmx'^^(DX\ mmt-^ 
w.(D^m<D^t±it^m^£^±±yf-^m^xmmi-?^jf 
t tm vxmW'mmmHii^^yf-(Dw^^wj^-r?> 

So Si-. 1 6 0 (Dmm^mm^i¥^^m\m 

[0 0 7 2] g|3 (B) (4, H3 (A) (D^mY\cmir 

^4y^(D?s^t4y^isi.ximmn<D^mmmw{ s 

ms (B) (^s^-ri5i-. ^>-^;^s^si^<*5t. # 
iui—'^y^t^x^ <tj:i>(Dx^mm&mf si)mT 



■/ ( p air* t air) + S ink/ ( p ink* t in 
[0 0 7 3] 0*19, SV^(caS®*'j;5'l'>'^SrlR^ 

[0 0 7 4] Mv^T, mi^^^p^<Dmm^^'^(r>vtmxh 

oTtr^^^^— ^ 1 0 6©^^t-~7"-^ 1 6 2m^w 

m^n^-r s i 5 ^ ^ t-^r ^ © f-^ X t ff^tij L 

•So Ti^^^sL^-ff 1 0 ^■rtfr-i' 1 6 2rt{cM 

^^t'^^ 1 6 2rt(c^g#:;6Wc$^^T^^/^v^»^^fc 

oT-bSfrw^ffi^^w-etSo 
[0 0 7 5] *M)l«#:f stt. ^f— ^y^^MwMl: 
xh^o '<-r-^y:^M}-±^ mm^:.(o4i--^y:^Mac 
ttmii4-r-^y:^M' tmnxh^o ma 

[0 0 7 6] t*£oT. M' cav^SslC4 1^d3(j-5M' maxi 
bfr^- 1 6 2rtica#-r5?Sft;'Cfc5„ ioT, ^[Sf*iS 

mmmmmfc^fix\^^6'^mkmzxh?>o 

f£\^\ =e§o-c. r^f-aai-^ 1 0 6}4. mwm^^<D 
m»<D^m^mmx^f£^^^ tizf£^^ 

[0 0 7 7] M' cav/5-iit4iCt;t-J-5M' maxj; 

4 1 6 2rtl;:?5#-r5?«#:*JJ;W«#:^^rt®^f**fc 

s^S^ft-rSo t^oT, TiJ'g^oLoi-iS' 1 0 6(1, 

[0 0 7 8] IP*.. l^i^m^\^<nmm'^^(nikMx\ T 
^f^^ai-^ 1 0 QiD^^if'r-i 1 6 2m^mi$-r^B^ 

t-*^W-et5^#i4, M' cav^5M' maxJ;l9 >b/h$V>i 
tX-hh, TiJ'^^ai-^ 1 0 6;55^^f^cDi^«i^E 
?t(r;^t±l-et5*«=M' max>M' cav}4. ^^fT^l 

6 2<D?]^^^[::;5^d^fc>Pjf<cv\ 

[0 0 7 9] ' r-e, M' cav}4, df--^ tfr ^ 1 6 2 CD 

M' max>M' cavCO^^S;;?)^?^. T ^ 1 0 6 

tm^n^m^^mcm^x^h^m^. 1 

6 2®^S©^#t L-C*1-rt^s-e§5„ 0!l;itf. H 
ff^i^CO^-rtrx-f 1 6 2©MP1 6 lO^I^I^SratU 

[0 0 8 0] M' max>p * d/Tia^ (^10) 

T'foSo S;i o^SM-rs t 
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[0081]a/ci>3>K;t/8 (5^11) 

ify'^ i6 2(DMm^piM(Dm^\^m'9fS.^L-r?>o Pirn 

[0 0 8 2] t^oT. S:i 1 ^itfc-riBP 1 6 1(D^'^ 
a*3j;t/dr^t-7"^ 1 6 2CDj^$ dT'&S^^ t'x^' 1 
6 2^^-1-5 TiJ'^^a;-^ 1 0 6 -CfeW^, 
rt(D«#:d5^ro;Rffi-C'feo-C, :*>o^^tf7''f 1 6 2f^ 

[0 0 8 3] ^i^;^M' t^WS^vt-^v 

^ 1 0 6(;i*^fe-t-5j^*HS;fj^sij^-t-5:^ai(4. 'Pti< 
5„ 

[0 0 8 4] *llite^J(;:j;ix!f, T^^:^^-9 
1 0 6 ^ssa^is^ LT^co^ro^sSidtc i ip r ^ 9^ 
..31-^ 1 0 6{^^^fei-55^e«;fJ^SlJSUT^^5o L 

^^L. T^=^::^:^-^ 1 0 6<0»§|5/55«m{>li-5 

i LT V ^ 6 & 5 l5Ho«#: t *t-SI!)-r 5 i t 
-e. JE«H 1 6 0 ;i5fcfc>^SJ]^1-5, 

«B 1 6 ^xcmmntinw.^^^^^. iL%mm \ e 4 

r (73ia*^^ijffli- Sit l:«fl:«#c^?:tt,' 1 1 L-T J; 

ct 5 i o -C^^-r 5 T ^ ^ ^ ^ C>jgf|)g|50 

[0 0 8 5] 04 (A) *5it;?|114 (B) T^^ol 
1 0 6 SrSI!)$*fcfi©, T^f-rL:x-^' 1 0 6 

}:iJ;o-C:^til-t5ii:;a5T't5o 1214(A) :feJ;U!Bl4 

(B) K^3^^-C. ilttfiTi^^a::^-^ 1 0 6 ©^gS 

^*-r„ r^'f-^az-^ 1 0 6CD?|gSitl(Cj;oT. gl 

4(A) doitFg|4 (B) \z.7r^-ti.i\'cm±.(Dr-fuf 

[0 0 8 6] gl4 (A)*3j;T/|gl4 (B) lC^L.tzm\^i3 

V (4. T-Tvi Vin^(D 4 /^/v;^ g b 8 /^7^;^ g * r- 
CO 4 f@ co/^7^;^ c 5 B^Hg ^t|-aij-rs r i i o r . 



[0 0 8 7] i ypiltCil, T^^^::^-^ 1 0 G-^m 

?r4*i?V hiS^fjS^lJ'V hST'WWSrH i g h t 

Bif ^(D ^' n ^' /nWv^ i o T 4 * >- b e> 8 * >■ 

[0 0 8 8] 124 (A) \tT ^'f-^s-—^ 1 0 6(Z)S» 

foSo 04 (B) }4Ti!'5"3.3i-^ 1 0 6(D^ir 

4 (A) tS4 (B) h^)mfhh. 04 (A) CD;^ 
(B) it) fc4*!?>'h^>b8;»'>> h4-e«B# 
W/55*V^r t;a5ip:i^5„ mHi-5i:. -r>-^w**{cj; 
oT4*'>>b^^f^8*^7>-ht -tr^BtrBl^SS^^S 5„ i 

rt;as-ct-5o T-^-n^^Ji^©4;*5'^h@d^bl:x.5 
®f4, T>?^^3i-^ 1 0 6®SSj:a3^Sbr;5^btfaiJ 

^t4C*5fc*r'fc6„ 4*'i'vhg;ei^e>t bfccoii^ 

rr-t?i±. 4*'>y h@^^b8*'>^hg*r'<Z)'ft^^ 
^tttit. FJf:£®^n :y^/7v;7.i;iioT4*'>y h S;?!^ 
68*i>yhS4T:-®B#raSr»J:£-r5o^tvl^J;oT, 

li<^ ffi«ro.*'>>ft-eS:xLT^>J;v\ El4^c:*5v^T 
(4. 4 .* :x h g 8 8 * 'J' > h B * -ewnjfn'J 4:»JiE: L 
TV^5//iJS]?)i•ic^1tl'J-i-r2)|HIi^S»Jc(.- L/c:;45oT. ^/.e 

[0 0 8 9] Wix.l-£. 'l'^^'©p"n»^sg:£L-CV^Tfc°- 

fc 4 * !^ y h g 6 * 1? >- h g * r- W 

tt. ^gSii)^E?ii^#ffi-r5fcfe(^4;(7>?y hg:S^ib 
1 2*!>>'hgS-ecDB#MSr:^WL-Ct><tV\ 
[0 0 9 0] LTBT^WWrt{^*3(t 

■f) o i<D:^ffi}>:j;oT%*SJii6fc^*:*?)5rtds-e 

m&mmtmy'i^'^/^m^-^H i g h t ms<© 

fii -C ^ S CD -Cfe S „ 
[0 0 9 1] gl4(A)fc^J;tJ?|2l4(B)^ittSEL 
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4 (A) 1 0 4 (B) (ommmtim 

1 0 6^3«SLfcm. Bf^BtH^t^xi^^/l-ft-S-^rH i g 

[0 0 9 2] El5i*, r^'^aLa:-^ 1 0 6CDKat*-*fe 
^*i-o «ror^9^^3:-^ 1 0 6 (Bl5C0f!|-ett4 
fi) ;j5-fls:^c:?i^^$^^TV^5o 05 {c^L/c^l:<Z)r^ 

1 0 6^c^^v^r^|ff-t-5r fct-J;'?. laeic^-t-Ti?^" 

a 31-^ 1 0 6S:»i£t-5o |g|5{C7j^-t— fWff^^^fc 

^ai-iS'i 0 6^»jg-r5^t;i5r't5o m:(DT^^ 

^^-^ 1 0 tf'ilp, «®T 

^'f-^^-^ 1 0 6%[^B^lc:a*a<^®-r5;ii::a5-e 

[0 0 9 3] r^^^^-^ 1 0 eft, #S3^(4^ft« 
17 6. mmi7 8. »'tt?S^a£^gX(4JE«*^l 7 

4. isi-]^mnuxit±nmm^^i e Rum^m 
f^mfxii'ir^mmi^'f- 1 ? o ^^-t^. Bmm^ 1 7 

4i4. II«®«)«Xi*JI«« 16 0. ±«ffiX«±g|5« 

ffi 1 6 4 . XtKT«tlX}*T?l5«ffi 1 6 6 ^r^ti-,, 
1 7 8 (D±MKW.W)U 1 7 6 ti'\ ffJrS54-i. ISSllS 1 7 
6 O J:ffi(::TfP«« 1 6 6 ;JSffM$ftTi^?.„ TSBSffi 
1 6 6©_hffi(c}4, |E«Jil 6 0;iSjf;j|5g$tb. JimJi 1 
6 0®_hffi(c, _hf|5mS 1 6 4 ?FM$^^TV^5„ L 
tcti-oX. 1 6 Ocoi^$|5(4. _h|f|5««l 6 4® 

±®g|55:t7T§l5«ffil 6 6cO^^§|5(-J;oT, ±.Tii^b 

[0 0 9 4] 1 7 6 Ji(;:« (0 5 (omr-ii 4 

fi) ®ffi«*^l 7 4^Sjf^;^$tiTl/^5o S|j)«176 

^ffi!;:j±«Ji 1 6 0 tmm^fi. mms 1 6 o <D±.m^ 

"^17 Oiimf^^flho 4fl«T^'^3.3^-^ 1 0 6 

[0 0 9 5] El 6 ft, Jia*^;4S*gff^(Dr^^^3L-^ 

1 0 6 (D-u^^ff^mm^^-to 

[0 0 9 6] HI 7(4, mei,Z7^L.tzT^^=L:iL^^ 1 0 
6 ©^^©flfffi^^t-o S« 1 7 8 ©JSm^^- 1 7 4 

ii?Ll 7 8a(±Slt)|gl 7 6i::j;or^t±$^^rv^a„ 
Satel 7 6(±T/v5-?-^Kfbv?/v=';^T#««a^fi& 



V^So KajLl 7 8a t*|-|Blt-5J;5t-. J±«*?-l 7 
4^SSft«l 7 6Jl!^J^)^g$tiT^^5„ T^SS 1 6 6 
ttSaJLl 7 8a <Dffi«:i^t-;^(^a. H 7 r'{te:fr(::® 

1 6 4 (imSTL 17 8a f> T§I5«S t t4S 

»«*-[R]ti. S 7 Ti4^r;^(ijf tK5 J; 5 (-l±«S i 6 o 
cD^ffiii?fM$^^TV^5„ 1 6 BXr/T^ 

«W^1 7 0(4. 1 7 2S:I/T$I5« 

ffil 6 eraiffiicj^^^nrv^So T^«ffi«^i 7 0 
t4Tgi5«s 1 6 6 tmnmicmmu ±^«ffi«^ 1 6 

8f4«St)«ffil 7 2^dY\.X±.^mmi 6 4 

mkLx. mmm^tr^f-^s:^-^ i o eco^t-^t© 

SKsec^^ 1 7 0 ii. m« turns t ^^t^'ittzmmm 

[0 0 9 7] mSiX mSliZTjkLfzT^^^:^-'? 1 0 
6 (OS!ijt*m^^-r„ *-f, if])-y'y-h9 4 0{c^ 
u;^&5v>t4u-if-jpx^^fflv>rMa?L9 4 O a ^ 

^?L-r5o i^9-yi^-V 9 4 0 immmcmm 1 7 a 

tt£?>o y - y 1- 9 4 0 il-ir 7 5 ^<Z)#fl-T' 

ffM^tvSo ^'y-^v— h 9 4 oco^ffit^^y 

-^>'-b94 l^»Ji1-5„ ^y-^>'-h9 4 1 

a. mj^mmmmi 7 6 t^^^eSo ^/y-yv—h 9 4 

y - v^y- b 9 4 1 ro^ffiic^ma 9 4 2. mmm 1 6 
0 . mmm 944 ^jEj«Bimw*ffi-e)«?*:fi^j*i-5« 
j^iBJi 9 4 2 fi. m^r^nm 1 6 6 i:/<e 9 . 9 

!f y —V'y— h 9 4 0 . ^ y h 9 4 1 . 

9 4 2. ffmSl 6 0. &0J*aJi9 4 4Sr^SLTSS 

m-^o ^-^-f-fBwg 47. 9 4 814. jiassffl^- 

1 6 8 t T^«««^ 1 7 0 ©i« $ ^J£±(f LT J±«ig 
^J;f)iS<-r5„ ;=^-<-f-§l5W9 4 7. 9 4 8}i. ^y 
-Vv— h94 0. 9 4 1 i:|R!WJ|s|-5rTOJ. foSV^Ii^^ 

y->->- h^asLrjfMt-So ^co;^-<— y-$i3W9 

4 7, 9 4 sir i t9*^S-efc5±^aSffl^ 1 6 8& 

tj«r$P«Sffl^- 1 7 0 ®ws^5/>/£< x^ti"±ir. ±$i5 
1 6 ^R-(iy%nmm- 1 7 0 (Dff;?^^«< x 

t5®-e. ±g|5«W^l 6 8ST/Tlf|5«ffi«^^l 7 0 

[0 0 98] 9 4 2 9 4 4 t CD 

9 4 4' &tK::^-<— 947&I>'948^^ 
B#('?fM1-5t. 6 8S:W~Tae«ffl^ 

1 7 o^^^(rjfMLfc9. ?fiia{c@^g-r?.^t;4sr'§ 

So 9 4 2 &t)«««s 9 4 4 nm^mL 

±si5«sffi^^ 1 6 8 mi-rmmm- 1 7 0 sr^^a 
■rSo Jigi5««s^ 1 6 8 miy%wm>=^ no^r^ 
f^-r^m. AMmmmi-i e 8S:t/T§i5«sffl^ 1 7 0 

dS. JE«Jil 6 0i^«alftlC^^M$;^^5J;5^i^^i^g-f- 
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5„ 

[0 0 9 9] gi9f±. :^mm*mm^n?>4>'^:it}~h 
V yi^(o^h\^m(DmmMm^^-ro 09 (a) * 

-r^mmi coisffi 1 a (cMiiTL 1 c ^w-r 5„ mstl 1 

[0 10 0] gl9 (B) it. 09 (A) (C^L/cr:5'^ 
5 0S.t;^l:»7Ll c COP^iW/<C»fffi^*i-o El 
9 (C) 0 9 (B) 6 5 0 

RXJ^nmK 1 c ro5p5?r^1-o T^-^a-a:-^ 6 5 0 

5 0i*. Wl©fiK(CHS$tl§o Sli)«7 2». # 
[0 10 1] «:^l©^i^^l:tC^fe#bT, J±«^^7 

*j-iR]i-5eBi-Kii?Li cmm^nxh^x. m^Mm 
X. MaiLi cicm^^fii>-^>'^&i^x<oi^^^T^ 

9=- 3. 31-^ 6 5 0CDSftCD#ttSr^*aiJ^L.T*5< 

[0102] 010 nmmii 1 c <Dm<Dmmwm^^ 

1-0 010 (A) , (B) , RXI (C) CO^iX^'iUZ^ 
V^T, *«O0}i, S:iiTLl c{c-r>'^K;4SiEV^t^^^ 

^^-To 0 9©ll«^«l^;*3v^-c». ma?Lic©wffi 

USE/^St LT?i^fife$^^TV^?>c, 010 (A) t::*DV^ 
^ffiici£:*:LrHv^rv^5. 0io (b) tc*5V^Ti±. 

j;l5/£<7'£oTV^S„ 010 (C) liJSV^Ttt. MmH 

2 ©^-^-vjii^ss 1 g ^^-r^o 

[0 10 3] 010 (A)~ (C) \C^LfcMM^l c<D 

5o n<^X. 01*5l;t;!02-emPJLfcM' cav^ 

M' ma xi:J:b«LT/h^<1-?.ni:;4St:-t2.<7)-t:\ 
^x^:3i^xp-[i^}- 43(^-57-^9^^01- ^ 6 5 0«Slfl#14 

[0 10 4] Ell mT^=f-=L:x.--^<Dm(DmMmm^ 

^•t^M^mXh^o T^^3.ai— ^ 6 6 0f±. r^f-zi. 
31-^ 6 6 0 ^ffifig-rSSSSfcimW-:/^- h 7 8» 



KSTLl c J;i9t^«(;:/-?ydr^7 6^^-r5„ T^^ 
r,:a:-^6 6 0«^1-JliCf4;*v'^?L7 7 ;5Sj#it$tlTV^ 
5, 6 Oil. ^v-^JL? 7Sr:^hLT* 

v-T^ iciip^^ii^HS^tiSo 
[0 1 0 5] H 1 2 (A) . (B) (4. Ti'^rLoi-^ 

*5V^Ti4. 9=-^^-^ 6 7 0(4. [n]§|5JfMS« 8 0 
doj;o:fE«sST-8 2^«x.5„ in]§|5JfMS«8 OCD-;^ 

^X, ffi:^«7)ffi(C}4ffi«m^-8 2^53{(3#(j-P,nSo TO 
?]^^SS8 0 5 *>> HflgP 8 1 roig^;45St!)^i^ t LT 
f^ffii-S, =EJ§o-C. r^5^aCE-^6 7 0coSif)^W4 

-^6 7 Oil. 01®^JSMt-J;5T^5"^:^-? 1 0 
6 » 5 1 7 8 *3 J;t>'Mft« 1 7 6 L-C 

btriSM$*5„ T^^o.oi-iJ'e 7 0(4. ^^ICi^ 
(+t*ifca-a?Ll c i::ffi*3A^-5Itg/=ef--rXr'fe5„ ^ 
tit::ior. IM]SI$8 1 ^s^r^t-x^ i: Lr^>#i!5-r5^ 
1^. 01cD||*^[|icJ;5T^f-^3i-^ 1 

0 6?r. 01 2®*ife^f!li^J;5r^9^3.ai-^6 7 0 i: 

[0 10 6] 01 3t4. r^^^:t.— 9 1 0 6^5f'9# 
loot L-C-#:f^;5EL/c«fieSrS^f ^ 
K0-efc5„ ^-:^^-/i'#:i 0 o}4'i':/^*-MJ s/s=' 

««Sl<DFf€fflBff(^S«$tt5o ^^^^-/VfrlOO 

f4. '<>!;m^(iy'>f&<hh^M-{^y^-^^y7.(Dm'c 

#:i0 0f4. ^^KcT^f^a^:-^ 1 0 6Sr5li9ft(t 
5fcfe®^S{^$|^5l#§|51 0 l^*-r5„ 

351 0 1 [4. ^mtm\t'm^<n^-^\ o 2_hSiTOw-^ 

i^4':)^S-f-5T^^zi^-^ 1 0 6^ltZ«LfcRtt$|5 

1 1 6^|g*/c«5gir/j;oTV^5c *>?^-/Vft:i 0 0 

/Wf|:i 0 O^TiJ^'^'^ai-^ 1 0 6 ;d5^^$|5;a^ib^T?t 
''£V^j;5^-«^S:^^TV^5(D-C, T^^^ai-;? 1 0 6 

1 1 ^(o%m^z^v'j'\t%m^¥s\-^hi\.x\^x^ 41^9 

fa^xv-^, 

[0107] |I|14i4. 013 \Z.7^ L/t^v?^— ^H* 1 

0 OCD«i,g?r^-r5J-»0-Cfc5„ ^v'^-zH*! 0 0 

f4. mmii--hti^WL^^^m^% \ o 1 -fv-vx 

1 0*5<ttJ«[y]g|51 1 3 ^#1-5ff«^«««|f|5 1 0 5 h 

^^tfo ^e^!-. ^v?^-/v#:i 0 0(4. y-Kr7'f-r 

1 0 4 aSti^l 0 4 b . T^g^3.:t— iJ' 1 0 6. Soil/ 
0 8^*--r5o ^?*L<(4. 1 1 0 
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t^hmfi^^ti^o m#-^mMHni 0 lii-^4tb5HS 
1 64oj;0SfJl 0 2(4, V — VU^-Yl 0 4 aR 
U! 1 0 4 b ^U^X'^ 5 i 5 f»'L^g|5(::M nIfB 114iim 
f&^n. T^^^jlo;— ^ 1 0 6, RXf- 
yu- M 1 0 SrHX^Tt 5 i 5 1 1 3 ^SffM^ 

Al 0 sSr^UT^-^^tv. r/i^-M 1 0d3j;t>'r^ 

1 0 6 \m.W-mmL¥[U 1 0 1 
2)„ i«§o-C, y-Ky^^l 0 4 aSU^l 0 4 b, 

0 1 0 1 K-W t LTSf 9 #(1" tj^x 
5„ y-Ky^-Trl 0 4 aS.y51 0 4 b». ^tb^T 

^5"^ 31-^ 1 0 6©JiamS&0TaeffitlS^LT 

5„ Ti^'g^rto:-^ 1 0 6}4, U- Ky-r -tl 0 4 aS. 
U?l 0 4 b;S^e>e»§tlfc|gibfH^tc«-^V^T-^6<]tc 

mm-t?). T^^^^-^ 1 0 6 f±i6smt'^gtgii) 
m-rsr i^5-et5„ 7-^/wi.i o sit, t^^^^j^- 

^1 O&t-fV-Vl 1 0 tSrS^LTT^^^ai-^ 
!VJ>. lost*, r^f-3.:r.— ^ 1 0 6 brfV— b 1 1 0 

•rSrt^W^LVV T^f^^::!-^ 1 0 6 t7V-h 

1 1 0 t^7^;vi.l 0 8{;J;o-tffit^(iS#L-TH^ 

f-r.3i-i5' 1 0 6 ^yv- Ml 0 imm-th^tm^ 

[0108] 7°^- h 1 1 0 n.miikxh '0^ 1 0 
2®Mpgisi \ A\m%mm^^^x\^^. rf'T^^ 

1 0 ^RX^y-^fVh. 1 0 8ttJE?l^*ft!vlJl^^$^lT 
V^5o y — K!7^-^10 4, r^^3.3i— ^ 1 0 6, 7 
>f /UA 10 8, mi-:fV— H 1 0 [4, 102 (:i*f 

\.xmwmmh\.x\,i.\\ g^io2, y-Ky-f-y 

10 4, r^=f'^^—d> 10 6, 7^7PA1 0 8, ^tJ? 
-fV^-VX 1 Oii, ^v'a.— /W*l 0 0(DctJ'L>tt{Cj*tL 
rmt-SBtt^tLTV^So Ml-, £f?10 2, T^'f"^ 
10 6, 10 8, M 1 0 CO 

tfiL^il, ^S>a-/V#:i 0 OCOtSf^tf'L^WiClSaa^tb 

[0109] 1 0 2 COM n$|5 1 1 4 coffi^fi, 

1 0 6«SS]|B««ffiaj;i9 t^t <?I^^S;i 
^^rV^5„ 7"!-— Ml 0«4ii^r-T^'^3.:t-^' 1 0 



6<DSi!ia(::a;ffif 5^g{-i4, Ka?Li 1 2mm^ 

^ 1 0 6t::(4df-^lf7^^- 1 6 2:asjl^fi)c$K MilfL 1 1 
2 i: t'^^ 1 6 2 }4, ^Jc-f y^J^ffilfR^fl^^-rSo 

M 1 0 (4, ^e-f ^-^5' W»#§r^>^; < -r 
5fcfel:iMa?Ll 1 2CDS^cJ;t-<T/J^$V^::t;iS^f4L 
v\ 1?yx.t4Ma?Ll 1 2cD}^^(4^(Z)ft(Z)3 5><Z)l£J;T 
cD;k:t$T'&.5ri:;aW*UV\ Mii?Ll 1 2 t4, ^'y 
^-/ufrl 0 0<Dtp.L>i|i(C*tL-C*tl5^/ce«{^*R(D^^ft 
-efeSo ^fcKSTLl 12(73ffiffl}4, T^'^a.ai-^l 

oero^^fx^ 1 6 2<DMPffi«J;'9'^>:A:t^^. ma 

?L1 1 2CDiffficOjl,^i4x-/-?fl^^^-efeo-Cfcfi:V^L;^ 

X5/y?i^i^T'^.J;v\ ^v^'^-M*! 0 0t4, Mil?Ll 
1 2 ^s^^ 1 < J; 5 1 wWtB, _htR, 

^1 0 6jSjac>-r:^^'^S7fe<^<e5i, T^9^3.:n-^l 

0 6 (o^nwm-x^ < mt'r?><Dx\ 4 ^^(D^iiL 

[Olio] lai 5i4, ^v?3.-/V#:cOffiO^*Jl^ffi^ 

^^■rmwxh^o *^jfej#^©^v'3.-/w*4 0 0 
?t#:*^^#$64 0 1 i^mmmmmm^4: o 5 

(S^^lTV^So ?«fr*»#§|54 0 1 !4. T-iiu'^SfJiJ'^ 
AcOi£*-ff$±CDS^4 0 2±(CRft#c«nttffl5 4 0 3 
?fM$tl.TV^■5o ffi«^e««^a54 0 5!4, Rtt 

g|54 0 3Ji[::*rbtbfc«^^Sig4 0 6i3j;OJTO4 i 

3^^ti>, ;K^Sig4 0 6CO«ffi}C^(ttttfcH^4 1 
3(C(4, T:J'f-a3i-^l 0 6^Sia«^nSo « 
i^^«4 0 6ro$fe«(4^S:tSicB^<') 5^^T^^r, ^ 

[0111] 11116(4, mi SiCi^Lfc^-i^'a— ;v#:4 
0 0 (Dm^^^ir^mummxh?>o m i a t::^ Lfc^ 
v!'3.-/V#:i 0 0 ^-J^—/U#4 0 0(4, 

fr^iift#^4 0 1 i62:xfmmmmmM^4 0 5^t 

tfo mW^^MitU4 0 1 i4*-&4 0 2*3j;U?Rfta4 
0 3 ^fl-L, J±mSSg«$|54 0 5 m^^ic5^4 0 6 *5 
J;t>'[l!]gP4 1 3^*-rSo T^f-aai-^ 1 0 6(4, 7° 
U~h4 1 0[^^-g-$tl.T[l!I«P4 1 3f^@£Sn5o * 
v'a— /Vf|:4 0 0i4, y— Kl7-l'-^4 0 4 aSt)^4 0 4 
b, r;^^3.3i— ^ 10 6, ^T^7^'7PA4 0 8Sr$P) 

[0112] **»^i(' ittif, h 4 1 0 i4^ 

mvixh'o. «^s*4 0 6{ciS(te.ix/-cfflPiJii4 i 4 

i4^g?fm^-?fM$nTV^5o y-K:7-l'-^4 O 4 aS:tJ« 
404b, Ti?^^^— 1 0 6, 7^/VA4 0 8, & 

tj!^^-h4 1 o}4S^4 0 2izMLx^m,-wmt\^x 

«iSLT%S:V\ T^?5^3.ni-^ 1 0 6, 7^';VA4 0 
8, RX^-yu—h4 1 0(4, iang|5 4 1 4«tti-L^^ii 
•9, IISna5 4 1 4co5Fffi(::^Lrrp^E;i7ffi](c®t/5tfi'L^ 
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[0 113] yu~h4i o(D'p'b'\zmi-fhnfcMm^ 

4 12©ffi^[4. T^'9^a.:t-^ 1 0 eO^-^-t'x-f 1 

3.^—^ 1 0 eo^^t'T^-^ 16 2 i:Mffi?L4 1 2 t 
(4. Mc4>^mU^l\^1&-f^o •f\^-YA 1 oco^^ 
(4Ma?L4 1 2©aicil:t-<T/h$<. ^J;?LfiMa?L4 1 
2 (DMw 3 1 JJ^Tro^kct $ i t L- 

Ka7L4 1 2(4, ^i^a-/l'#:4 0 0 cotf>-i>tt[^*f 
L-C*fl5;!'i}5(^XRro?l^<^-efoS„ Ka?L4 1 2<z)®Tffi 
roJl^i4x-^-??i:R-efe o -c SlV ^ L;^ r zfm^-^ h 
J;V\ ^e;'^-M*4 0 0(4, Kiiil4 1 2;a5^^io 

Tiff^^:^-^' 1 0 6;4SSE:*[l^(:iM(^5 i') 
(;:«^lrt(ce*$ttS<^)T:\ S-&4 0 2 0i«$Sr^;t 

[0 1 1 4] n 1 7(1. ^-M^om^mnmrnm 
m^^-To mi 3i^^Ltz^iJ'=L-juPfi 0 0 tmm 

(r, m 1 7cD^v^3.— /Wfz^5 0 0(4, 0 2d3j;tK 

RegB5 0 3 ^^-rmi^mmmHUs o i ^^t^„ s 

fc, ^v'a.— ;V#:5 0 0t4, !J — Kl? ^i' 5 0 4 a 

5 0 4 b, r^9^3.3i— ^ 106, ^^-/WAS 0 8, & 

h 5 1 0 M#:»l&St#35 5 0 

id-^^^xss-^s 0 2f4, y-Ky-ri's 0 4 aSO? 
5 0 4 bSriR^-etSJ; p^'-L^^f-MaSES l 4ffmft 

^iv. Ti? 5^3.31-^ 10 6, 7^-;Wi^5 0 8, ftU^T" 
b 5 1 0 ^iR«l?t 5 i 5 l-MlfB 5 1 3 *sjf^^$tb 
5„ ■T'T^f^ 1 0 6t47'W- h 5 1 0^^;^LT 
)±«gBg«$|55 0 5iC@SS;n-5o =BeoT, y-Fr? 
-fHrS 0 4 aXU?5 0 4 b, T^^^^lo:-^ 1 0 6 , 7 
^■/VA 5 0 SSoiU^yw- h 5 1 0 !4, m^^^MHn 

5 0 iic-#itLXM'oitnbfi6. :^mmmm<r>^i^ 

3.-/v#:5 0 0(4, Jpffi:iS}5(j^;^<;3iE;^f^±®S^± 

6o Rftg|55 0 3CD±ffiCD±T*lRli-#ffci-|g(te5^l/c 
[H^S 1 3±i^r^^^3i-i5' 1 0 6;«5|Ba$;jxTV^ 

[0 115] ^Z?^-;ui^5 0 0<D%miimm\^XiS 
9, ^roffi^SfCT^J'^^a:-^ 1 0 6dSg*^tbTV^ 

5„ ^v=^-/P#:5 0 OAS^^l<D®f|5X!4 

«fP(-S«$lx5fc, T^9^^:n-^ 1 0 6;5S^^1C) 

±rjjmmLxmn-r^o ^i^^-/v#:5oo»5feffi 

©«^^m4, «Wtttg^«i*T}S{S3 0° ^^5,6 0° 

[0 1 16] ^v'3.-/H*5 0 0(4, T^=f-:^^—9 1 
0 6 If^-^mr 1 rtf-lBE^^S 4 5 (-^^ 1 «j£ax(4ti] 



3^#^^^5*-a-(-^4, T^^^^am-^ 1 0 6;4\ ji#4b 
oo, ^|gl©Ji«, TW, X(4««^^< 4 5(-^#^ 
l(-5t'P#(4?5*i'5„ — ^i/^— /i^flss 0 0;5S, ^ 
^1 ®filf|5(::g»Stb5S-g-}C}4, T^=i-^^-^ 1 0 
6^s, «MLoo, ^^IW-f ^-i'#t^P{M^^< 4 5 

[0117] 018(4, 013 Lfc^ v=^— /H+ 1 
0 0 ?r^^l icg^Lfc 1 ^-iJ^iS^wfiMf© 

WffiS-efoSo ^-i^^-zL-ftii 0 0(4, ^siro^fflM^ 

loot rog'a-ffif-}4, O y v-^^ 3 6 5 :*5Kit 6> 
ix, ^i^^-/w#:i 0 0 t^l ^:^oM«?r#o-CV^ 

5o O y J; 5 {^^v'^-^vfj^ 1 0 

0(41111 3T'lSBJLfc4 5?SRafP5r«x.5r 
LV\ ^v'^-zW*! 0 0(D5feS:45^^i(73(^tp(:;#A 
h 1 1 OcDKafLl 1 2S^^^^L-r 
rtW^Vi^^STi^^aLo:-^ 1 0 6 tStt-rSo 

T^'^r.n:-;?' 1 0 6 wS»§l5wJiffl;55Sft:;5^-»#:;5^(j: 

4orr^f-r.3i-^ 1 0 6 ©?^eSft W*Sjil?ft«;;4S 
M^J^SCOl?, ^i^a.— /V<$:i 0 0 ^fflV^r'f>-^»?M* 

Q\cMh-f. 13 1 5lr.7]^L/t^v^=^— 7Vfr4 0 0, 01 
7{C/j%bfc^v^^-/H*5 0 0, X(401 9^t/0 2 0 
l^^^bfc^v'^— /I^#:7 0 0 A, 700B, 750 A, 
7 5 0 B , K«3t#: 6 0 0 ?r«|& 1 (c^ 

[ 0 1 1 8 ] 0 1 9 (4, ^ v=:x— /L-^: 10 0 coHfc-teco 
^*;IAiffJffi4r7:^'r„ 019 (A) ro^v=3.— ;P#:7 5 0 A 
\Xr ^ 1 0 6 i£-&§P3 6 0 tSr#-r5o ^ 

7 5 0 A(4Hf]ffi;as«S§ 1 ©{fMcDrtffi t ^- 
ffit^^54 5(c:, «^l^cg#$^^-CV^5o r^^=^^ 
1 0 6 [4, |±«S 16 0, _hg|5m« 164, Tlfl3« 
«1 6 6, SDSgftSl 7 6^^tf„ StbSl 7 6©Ji 
ffit-Tg|5««l 6 6;asji^fig$nTV>5<, T§I3«« 1 6 6 
(DkM\a-iWMM 1 6 0 ^sji^fifeSn, i±«Ji 1 6 0 ©_h 
ffil^±§|5«ffil 6 4^5jf^gg$|xTV^5„ Lfc^SoT, i± 

«ji 1 6 0 (4, ±$p«« 1 6 A-R-a--r%nn i e e 1^4 

6 0 , ±gB«ffi 16 4, mJ-y%mm 1 6 6 t4, J±«i^ 
^■^Ji^^-f-So ff«ig^}4SIi)S 1 7 6±{CJ]^m^tt 
5o ff««?-&0!S»Sl 7 6<Dgti)^«}4ri^f-a:nz 

Kfi7L3 8 5^5lg{tf,^x-CV^5o Lfc^5o-C, -l':/i?t4 

1 o:i:a7L 3 s 5 l-csks 1 7 6 t^tt-r 

[0 119] mcMX 9 (A) (;:^L/c^i^3.-yv#:7 
5 0 A©I^)m-o^^TlaBJi-5„ ±g|5«ffil e 4^5:tJ?T 

a5«s 16 6 \mMM 1 6 0 icfgaif -s-^gjgb, i±« 

Bl 6 0;5S^WLfc*SJl«co{f-§-&fag^Sg(cfKa 
■rSo )±MM 16 0 (4Jig|5SS 1 6 4 S0T§I5«S 1 6 
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6 J; o reJi ^ -^{c J; 19 LT^@M» 

^mmmmiz^v)!±ma i e o i-im&m:ij^m 

"T-^So /V#:7 5 0 Ati, T^'^r^oi— ^ i o 

6^5r^9=-^^-^ 1 0 6CDSli]§|5cDi±«Sg^ffli:(*S 
*J-COffi. -r/i*^-^,. Ell 9 (A) Tit. mWlUl 7 6 CD 

•Y>-^*^lF*3cD-^'>^' tS»-r5<t51;:*^l 
lCg#§n2>„ Ell 9 (A) C0^i^3.-/W#:7 5 0 A 
Ell 3^^601 7}C^Lfcy-Kl7-f-\'l 04 a, 
104b, 4 04 a, 4 04 b, 5 04 a,S.t^504 
b(D^Sro^-:?3.— /k#:i 0 0^<Dm>i>72i^-d>^Mtfi 

7 5 0 A ©sm^s-sjfg 9 y 1^-^ /v^5"5rtg t 

5„ SfcKJC, T^5^^:ii-^ 1 0 6»S-&a3 6 OiC 
i ^)^?:tt$^^TV^5©-eT^^^3l-^ 1 0 6 ^^a^: 

[0 12 0] 019 (B) }4^v?3L-/V#:7 5 0B®M 
icfficoH^ffi^^-To 11119 (B) co^i?rL-/U#:7 
5 0 BflT^'f-^.a:-^ 1 0 6 t«-&§|5 3 6 0 t^^-t 
5„ 7 5 0 Btlffrffi^s^^ 1 <;?fl!|^(Drtffi 

il^-ffii/=e5i 51-, .$^ifcs«$tLTi^?)„ 

1 0 6 (4, Jims 16 0, 164, 
Tg|5«« 16 6, SL)5«II]« 176 Sr-^tfo tgtl)« 1 7 
6ro±ffi}CTg|5«ffil 6 6;i5j]^^^tl.TV^5, T35«ffi 
1 6 6 ro±ffiiCi4JI*S 1 6 0;*5?l^^$ti, JIM 1 6 
0 (73±ffi}C±§|3«ffi 1 6 4 7i-^ff?fS$*X-CI/^?., L/c^5o 
T, JIM 1 6 0 l±. Jirrj5?g|l 1 6 4&.V^T%mM 1 6 
6(CJ;o-r_hTz)^Pj«*l'L5i9f-Jfi5^i3c$tiTV^5o JE 

aji 1 6 0 , iifpms 16 4, s:tj^~TSi5S:s i e e (±, 

JI«?g^-^JFMt-5o Jim*T-f±lg»S 1 7 6 JilcjfM 

XU-tmrnM^ 8 0^s^^tb^^TV^S„ ^i?rL-/w#:7 5 

OBii, T^!f-3.ai-^ 1 0 6;iST^9^zLn:-^ 1 0 6 
®»§|5®JI«*^«i«S*fcDffl, 019 
(B) Ti4, S«S 1 7 6 cD^:d5, -r^-^^:^!®*^ 

gP3 8 0 tSftfe1-SJ;5f-«^i}-S«^;}x5o 

o-C, ri5"5"a3i-i? 1 0 6 CDSIi)§|5!*, mmU?> 8 0 

[0 12 1] ^fctSIl 9 (B) jrS^Lfc^i?3.-/W#:7 

5 0 B<D|im'oV^Tf^PJ-t-5o _h$|5«Sl 6 4S:U«T 

gpss 1 6 6 }4ji«ji 1 6 0 (c,iEff)ft^^eiiL, urn 

Jll 6 0 L/c*SJl?]S»»{t^^tBSKgiif5ii 

-rSo jimji 1 6 0 i±±si5«tti 6 AmsY%nm \ e 

6 (C i o Te»S tLfclEibft-^tC i 1? |g« LT*fiJiffl 
-eS»-r5„ 1 7 6 1 ©»^|f|5 3 8 0 i 

S«-r5co-T\ T^=?-^3^-^ 1 0 ecDSijiasd, »s 
tmmt. 4 tigM-r5«r\ 1 0 



6^s, »Mfp3 8 0 t*(caesii)-r5K, roagig 
:ico^gsfticj; 9j±ms 1 6 o \mmmj^^m'iL 
*sji&m^^ffit-s r t (c i (9 ^ ^i'as^ftitii-rs 

[0 1 2 2] Ell 9 (B) /H*7 5 0 B{4, 

Ell s^a^tpgii 7ic^ufcy — K7-r-y 1 0 4 a, lo 

4b, 404a, 404b, 5 0 4 a , SU?5 0 4 b CO 

7 5 OB<7)3£^d5'5rffit^if5 y•!^-l'^>'^;S5pJ||^:>^C5o 
SfcMlC, Ti?^^:t-^ 1 0 6}4S'&?|33 6 OfCj;i9 
f*«$tLTV^2>Ci-(?T^'5"^3i-^ 1 0 6 Sr^tPtcDg 

[ 0 1 2 3 ] El 2 0 (A) (4^i?3.-;H* 7 0 0 B 4:^ 

»jr'f±5t#«ii#:co 1 o t LT^v'3.-/Ufr 7 0 0 B 
^ffiffi-rSo ^v?r.-/V#:7 0 0 BJ±, W*^§gm#$|5 
3 6 0 1 ©rtSBicg^tb-rs J; 5 LT^^g 1 tcS 

^^tvTl^So h 3 5 0iC!4Kii?L3 7 O^S 

ffM^tt, Sffi?L3 7 0 hT^=J-^s—-f^ 1 0 ec/^aill] 
gBi^sgn tTV^So Sic, ^v^^-zv^ 7 0 0 B«iS«iic 

(m3 8 2;asjf^fi!c$tL, wmmmmm^'i 6 3^sj^^§ 

ix5„ r:5'^^3i-^ 1 0 6;S57L3 8 2 CD-^-^rSC J; 
5(CLTSa«$n5o Lfc^5o-C, JI«S« 
^«a5 3 6 3(D7L3 8 2mm.¥srfV- \ 3 5 0 CO KB 
?L3 7 0^^L-CS»«1 7 6tS»i-5. JI«KeS 
«f|5 3 6 3 ©7L 3 8 2 SO^IBf^T' h 3 5 0 »Ka?L 
3 7 Oil, *lc^y^?§fESrJfM-r5o JI«»B««tR 
3 6 3 tT^^^^:^-^' 1 0 6 til, m^-fV— b 3 5 
0^D«7^'/l-AgPfi-(Cj;oT@S$tirVN5„ 
5t#g|5 3 6 0 t^lll tco^^§|5}cH->-y V^^«5g3 
1 2t^m.nhihX\^h. i^-y y^«5t3 7 2H^^« 
^g^cDpTMtt®«■^^s|-icJ;f9Jl^l^)c$^Tt>J;V^L, OPV 
^Icj; i3ffM^tiTt> J;v\ El 2 0 (A) o^v^3.-/k 
#:7 0 OBiSSl i:(±SiJ#:-t?&5;6^ EI2 0 (B) J; 
5 (C*v?^-/VflS7 0 0 B(Dj±«g*fi«$|5^^^ 1 ® 

-$|5-e«^L-cfciv\ 

[ 0 1 2 4 ] in 2 0 (A) <D=^^J^—)Vf^ 7 0 0 B [4, 
Ell 3;i^fcBll 7{cS^Lfc!J-K!7'r-Vco^i^3.-7V#: 

^nSo M(C, ^v=^-/P#:7 0 OBco3£m;4Sp7tgi:/j; 

[0 12 5] -r^-^';*;- h y i/v?;6SS;jx5^(c^y^;4S 
«l^lco±ffi&5V^f4fiiMm#L, ^§^l<0_hffi&S 

mW^iy^. L L , ^ V? 3. -Mt- 7 0 0 B {4S#:^^ 
K#Sl53 6 0;a5^^lc0|^$|5^C^mLrv^5(O-^:^ 



1 ©Jiffi^Mffi^^bStiTt fc-r y^ici:r) r^f^a-m 

-i? 1 0 6ffmimi'f£^\ 
[0 12 6] H2 0 (A) (Dmrnmr-n. mmm 

17 6 h3 5 0 »-|f|5CD^^d^ ^:^1f*!)co 

(A) (DmrnfiTii. 01 s^^bHi 7iig^L/cy-F 

!7-r-tl04a. 104b. 4 0 4 a. 4 0 4 b. 50 
4 a . Xt>'5 0 4 bfOmfficD^v?^— /Vf*:'->CDfflJ?)jA^ 

[0 12 7] 13 2 0 (B) ti, T^'?-^^—^ 10 6^ 

g|§:^^-t„ 02 0 (B) 

f*«?P«-3 6 1 (iT^?^^:^-^ 1 0 6 i(4 

miLT«Sl^;:Bl^)#^tP>^^•tv^§<, t^^ot. %m. 
gPW3 6 1 tr^^oLOi-iS? 10 6 i:!i^i?rL-/Ut L 

^f-a-o:-^ 1 0 6 ida.— ^f-(Z)#;iStt:}^*V^i 5 i-ft 
^•rar T^Tf-3.a^-^ 1 0 6«Hfrffi!i^ 

(t?3tL57L3 8 0(±, *^1 (DffJIiC^ElS^tiTV^So 
r^f-3.3i— ^ 1 0 6(4. ffi^Jil 6 0. k.%%M \ 6 

4 . T^Wffi 16 6. 1 7 6StFlJ#7"W- h 3 

5 0 5r-^if„ h 3 5 0C0±ffii^^i!)Sl 7 6 
mm^^. Sft^l 7 6 Jiffi}CT§|5«ffi 1 6 6^5j]^ 
J$$ixTV^2.o rasmiil 6 6CD±ffi{rf4ffttJil 6 0 
mm^^. WMM 1 6 0CO±ffi}C±a5«ffil 6 4^5?F^ 
l^e^^xrv^So L/t/!)5o-C. JI«S 1 6 Q(D^m%\t. 
S:MimM 1 6 4 co:£Mt|5S:VTt|5mS 1 6 6 cD^ggBic 

16 0. iilKlilg 164. S:C/Tf|5S:S 1 6 6 <D^i\.^ 

»«! 7 6®«|^lffi«^4T^^r.^-^?'«s|^l^^r«^^I■r 
5S^!I$RT•fe5o ^#7*1/- b 3 5 0(c«Sffl7L3 7 0 
^5^^t55t^TV^5„ Mi-. ^g^lcD^JIiScfms 8 Od'i 

8 0&D51l#7°^-h 3 5 0CDmii?L3 7 0^:^hLTS 
l!)«l 7 6t^«Jl-5„ ^:^1CD?L3 8 0SU55[#^U 
-b3 5 0<Dma?L3 7 Ott. *Jr-l'>'^'?S§|5^?ijt-r 
5o g|2 0 (B) <n%mm^\~t. Ti^^^:^—^ 

1 0 6f4|^MSi?W3 6 1 icio^a^tbTv^sw-er^ 

f-^31-^1 0 6^^^tcDStt^.b'R»T't5, 

[0 12 8] f^a. 1212 0 (A) doiU? (B) WHJIMi- 
*3(t55i#-7"L-- b 3 5 0(Cf^X.T. I2I1C0S/K17 8 

[0 12 9] 132 0 (C) (4T^^a3i— ^ 10 6 ^"g- 
tf^-/VKffi5@#:6 0 0 ^«x.5^»ffi^^-r„ 
«f J-t'fl. ll#ffi5g|*:co 1 o t LT ^-/k Kffi5g#: 6 0 
O^ffiffl-rSo ^-/VK«ig#:6 0 0}lT^'^^:E-i5' 



1 0 6 t^-;i^KgP3 6 4 t?r^t-5„ T^^^-ai-^ 
10 6 i:^-/vKfB3 6 4 i: (±-#:(CitJl^$tiTV^5„ 
^-/V KS 3 6 4 =^ :/-^JJi^» i 
oTJ5g?^$tb5„ ^-/VKIf|53 6 4Hrtlf|5{;iy-Kr7-^' 
■f3 6 2?r#-r5„ ^— /VKSI53 6 4{iTi'^rLai-^ 
1 0 6;5^blit/5 27^cD£Sr^-r5J; 5(-JfM$tiTV^ 
5o KgP 3 6 4 (4^-/V K§|5 3 6 4 t*^ 1 t ^ 

?KS!-0€-r6fcit)i>l. ^-/VKg|5 3 6 4CD2*CDJ£(D 

31-:? 10 6 0_h§|5«S 16 4. HSji 160. Xtf^T 

aS^Sl 6 6t4^^^^^^F5^*a$^^rv^5c. 

[0130] 1120 (C) (D^— ;V KlSitf* 6 0 0 ft. 
^-/VKg|5 3 6 4 t«^l i©PBl{C~>-U y^«ig3 7 

2«SJe^.^;'^v^(Dr^ ^y^:as^:g&l;i^bm(c<v\ * 
fc. 1 co^^gp^^fj^-zv K«5t#: 6 0 0 ;5SBJ?a LtS 

^f^^ai-^ 1 0 6lrStt-rSr t'e. 

10 6/55, is#ft-r.5nrtgtt;55fe5„ ^_;n.-^jg|^6 

0 0 tt. ^-/U m 3 6 4 1 CDrt35(-S?m LT 

v^5w-e. ^lW-hffi^«ffi/5>e)SnTtfc^y^[C 
it?. T^f-^ai-i? 1 0 6;S5iSf^ti)L/<ev\ 

[0131] 02 1 (i. 01 1 

0 6 ^/fj 1/ ^fc ^ ^ ^ * - h y 5/ -i^&t;^ y ^ 2/ ME 

mmm.<}'mmm:^£^^-t., h y y i 

8 0 (4. ^tl^'tL©^ y^-A-hUs/i^lSO (C^fiS L 

fdm.<ry4 ^^^A^ 1 8 2^o5*/w^^- 1 8 4 ^*--r 

b y -yv?! 8 0(4. ^tl^'tlM^'.eofcaS. «X.i4 

0»^tim®I&ffil^(4. tt>^#-f i/t°-i$'V 

:^Sr^til-r5¥S-efe6r^^3.3i-^ 1 0 Qtmm^ 
;jxTV^5„ ri5"3^^3i-^ 1 0 6^-rv^*-hy j/v' 

1 8 o[ois«-r5r<tirj;o-c, -rv^;t;-hy j/i^i 

[0132] 0 2 2 t4. ■i^'ai y HB®:S*<^^y 

>-^^gAS15 18 2. 184. --^y K:/^- b 1 

8 6 . &r/y -Xtv-fv— b 1 8 8 Sr^fr-rSo ^1 
*f-r 5 y X/v 1 9 0 / X/kT" M 8 8 
$^XTV^S„ ^' y^^XU 1 8 2 }4^^#t*&P 1 8 1 t 
^ ^^^#AP 1 8 3 i tr*1-5„ ^ft#S&P 1 8 1 !4i' 
^'^'^-h y yv'l 8 0!c^aSr#t|&-r5„ -fi^^JiA 
n 1 8 Sft-f y^*- b y s/v?l 8 O^^b-f i^^^jfA 
■rSo -f ^-^^^ h y ^yv'l 8 Oft^flJSAn 1 8 5 t 
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-{y^W^a 1 8 7 ti^^-t^o ^M^AP 1 8 5j4-r 

yi'mAUi 8 2w^a#t|an 1 8 i*^hmu^mA-r 
1 s 011^4 yi'mxui 8 2t-^h^u^mK-r^^h\^ 

8 2-~C0-r>'i^C0#t|^Sr#-r„ Ji^/V:?'- 1 8 4 (4. >" 
^*-hy .yv^l 8 0i^^^y^mA%18 2^^\.X 

^'^y K^i/- n 8 6 \mmr^o 

[0133] |gl23i4, 112 0}C;^Lfc^ V^';*— b U 
y-:^l 8 Orofib,W3ll£Ji^ffiSr^1-„ 02 3 (A) <D^ ^ 
^^-V])yi^l80An.. JiT*lRl(C^*(Cf^^$^X 
fcfiffil 94 a(CT^'5"^3:--^l 0 6 ^SJ|*$tbTV^ 
5„ ^ >^^—V3 V'JI 8 0(D4 y^"^^! 9 4«f*3 

5" 3.31-^ 1 0 6 tiSffi-tS^Bl-K&^l 9 
2;53K^t?5^^rv^5„ T^^rLoi-^? i o 6;5S, ^y^? 

[0 13 4] T^"/-^-^-— y 10 6 i:|?SiSlil 9 2 

B5iR^i 9 2 tr^'^^^-^ 1 0 6 tcorsintt. ^Ifa 

i 9 -Y V ^ j$ $ V (- ^ tt b tiT t ^ 
5o -rv^S^l 94;65^MtvLfci:tt^. ^tStvt^J; 
o-C-t'>'^«|&l 9 4 rt35l- COS^^^iU 

m>hi>. K«l 9 2^lgit^r ttCioT. T^^ 

1 0 6(D|^#S)^KCrt;6S-et5„ 
[0 1 3 5] 02 3 {-&) (D^y^ y^Jl 8 0 

B(Dr^^^=^-9 lOQn.. ^'y^'^^l 9 4®tt^ 

^®^|ffi_hi^g*$t^rv^5„ yf^i^mfl^a i s 7®5ffi 
ffT'fetLff, Ti?^^3:-iS? 1 0 6ii. -rv^'^^ig 

4cO«X(4i£ffi(-^«$tlT'bJ;V\ *fc, T^^r. 
31-^ 1 0 6 y^m^ 1 9 4 «*g;^[R]<75 4i'L<(^S# 

^ti^::.timt.hi\ -^y^l-i. -i-i^^ft^P 1 8 7 
^iijiLT^$|5l-#f&§tl.5cDT\ r^'^a.ai-^lO 

e^^'ViJ'tt^&p 1 8 7cDMc:Kit5i<ti^j;t3, -r 

[0 13 6] T^9^^3i-^ 1 0 6^-Y>'^ftl& 

P 1 8 705ft{S(C^tt5rtT% ^>'^^^^=^^y 5/ 

_h©T^'5^a3i-^ 1 0 6 fc^^D -yi^iW^^ttco^ 



^^i^sij^^i*®^*- UT V ^ 5 „ J; o T#tia p mmcT ^ =9- 

m.^t>^^^mcmMfih<Dtfi:^(Dxh^o s^i^, 
r^'f'^a^-i? 1 0 e^r-r^-^^^i 9 4<D*S:^iRicotf> 

u^^'hh\.x^mm\.tcm^K. h^tht^mi^ii^ 

[0 13 7] III2 A\±4y^'^-~ V y y'yi 8 owMlc 

fficoHMff^n^^-f-o gi2 4 (A) ti-r^-^*- b y 

v?l 8 OCOifffigl^ 02 4 (B) }4B12 4 (A) (C^ 
Lfc^ V-i? h y y 1 8 0 CC0«S 19 4b ^ffi:^ 
LfcBfffigl. ®:U5S2 4 (C) }4^cOEffi^^e>coS«ll 
^y^^-hy -;/v?l 8 0Ci4, ¥WfrfB1t# 
15 7 i:T^^;.3i-^ 1 0 6 i:^S^-©[HlSS»S6 1 0 
±irffM^^^TV^5. 0 2 4 (B) , (C) l:i.T^-f-j;5 
i^. ¥^»frlBtt^^7iiIfl]gSS«6 1 0f-O±*iaF?)5Sc$ 

V^T¥^«:fa1i^^7«T*}-ffM^t^TV^5o T^9^ 
^a:-^ 10 6 roJlH^rHtp J; 5 }-^Mo ])yif6 1 4 

7i\ mm 19 4b ffiw 194b \ai. m 

s§S«6 1 o^-^y^m^i 9 4^rK'fri-sfcfeco*^>' 
oTHIKSK 6 1 0 tr-f V^-ffS 1 9 4 lrm{^ 

oy ^^"6 1 4^lB]S§S«6 1 0(:;ffLo(t5^tT% 
T:^'^"^^!-^ 1 0 BwSaiRiS^s^^^' tffitt-tsr 
t^r-tSJ; 5}- Loo. -fi^^^-hy j/v^ro^l^^IJi: 
rt§|5t^^S«t::{^o„ 

[0138] ^mi^mm^^ 7 Ru^mi^tim^m ? h 

mam^e 1 2mM^tix^^^. ffi^6 1 2it^m 

frlBtt^lS 7 t ^ v^o: s/ MEttSB#®:$^$|5 fc (Dm 

E E P R OM/cC ifO»t ^X. Brtg/i^^#:^ ^ y fc: i o 
T«^$tbTtj;V\ ^^f^|alt¥S7fcT^'9^^3i- 
^10 6 i:d5^-<DlHlKSS6 1 0±^Cfl^fie^-CV^5(O 
r^^^^ai-iJ^l 0 6^U?^^^fcEtg^S7^^V 

by 2/5^1 8 0C(::5J#(tS^{ci(iI(DSif^ltX 

g-e^tfo */c, h y J/ v= 1 8 0 CCDM3tB# 

&t/y-!^-i'^/v!i^coii5^xe^sffijgft$ti5c m^. n 

&^^MmM^ti?>(DX\ 4y^:f]- VV y'yi8 0 
[0 13 9] T:?^^3i-^ 1 0 6i4. ^Vj?^^! 9 



frfa«#S7(4. 'f^Ayf/'m^x^ ^nn^y^t^y 
;v<Dt%. ■r^£i^h4yi^i)^4yi^m^i9 4mmtc 
^tifct^. X(i:t:/KoDfc^. ■r^£i:>-h'<y^m^i 

9 4^(D-fy^f)m9^ntzt^(D^mmmmi:¥fViL^^ 

mm>^x^y^ip:r^iy m^uicmm^ritct^iz. 

^m^iixhX^\ -^y^m^i 9 4[fS(D4y^ 

i)^y/uxii:^ymm<D^mmmmii. 4y^m^i9 
^^y^m^i 9 4^<D4y^-ii^yf^^x\i~^yY(ob^ 

[0 14 0] E12 5!4. V^'*- yv^l 8 0 coM 

mmmmmm^^-to 025 (a) t-.i^i-^^^*- 
b y yv'i 8 oDfi. -f^^^^^i 9 A(Dmmi 94b 

ttibaic®ri!'f-3.3i-^ 1 0 6 1 \^xm^^^^t-f>m 

w^fc'v^-cflffli 9 4 b^cia^^^^Tv^5, ^i:rar^ 
1 oQ^Airijmmm^^^^xmm.i 94 

[0 1 4 1 ] gl2 5 (B) \Z7r--t^y^lJ- Y y y'^i 

8 0E(4, -f^^i^^^l 9 4©{US1 9 4 b(C_hT;fylP) 

v^T^'9^z.3l-i5'6 0 efdioT, ^y^m^iQ 4P^ 

T^^^^.ai-iS'e 0 6©ft$[4, fliffil 9 4bt::ig$® 

¥^^£iJiW;l$Sr#-f-5ri:^5g^L<. ^2 5 (B) 
i^*3V^r(4. r^^3.cn-^ 6 0 6 (itJIil 9 4 b®[i 

[0 1 4 2] 02 5 (C) ICT^-f^yi'-^— Y y yv'l 
8 0Fi4, gl2 5 (A) Jil^Lfc-rv^':*- h y yv'l 
8 0Di:lll«ir, 4y^m^-\-9 4(Dmm-\-9 4h\zM 

ICWr^^^az-^ 1 0 6 ^S«L. «rar^^^::t 

1 0 6(Ditffi{cB)fS«MPB^i3V^T_hT*iR](-*v^ 

9 2^ffl;t5„ HStol^L/c. -#:fS?F^$tt/c 
it»©T^5^^:n-^ 1 0 6^. rtbbS«:«T^f"^ 

1 0 6 t LTifiV^5r t^S&*LV\ Ti'^J-^^ 
-iS' 1 0 6 tKSffil 9 2 i:©W{C}4, -rv^'T-^fc^ 

31-^ 1 0 6 tC0Pf§PB(±. ^iPf^y^i^ifJ-f >'^dS{^«f 

^r^^£V«^-^^^b^^rv^5„ -{y^m^i 9 A-bm 

mfhx.tct^icmmfhicx.'DX^ y ^mmi 9 4^m^ 



^y^(DWiim±\^. ^<D'mw\a.<^x%w-^%m'^r 
10 6 :sspff»-r5iirtgi4:a5&5„ ^mm(D^ 

51-E5&S1 9 2^K(t6rt}^J;oT, T^'f^^.o:- 
3^1 0 6#jff®-r:^^©ftiE^SrK^\ T^^r..:x-^ 

10 6 (Dmim^m< r t ^s-xrt §„ *fc, rjs^ 1 9 
2 ^-^ ^sgfi-f 5 r t xm^LtcMmt^r^^^^ 

-^106 i::ftA-r2)®Sr|5SCo 
[0 14 31 B12 6f4. y y^^l 8 OCOM 

(c-fiferollJEJi^ffi^r^i-o gl2 6 (A) (D4yi^:i]~YV 

yi^l 8 OGtt, -^yi^m^l 9 4(D±mi 9 4 ct>^ 

m2 1 2(Drmt^y^m^i 9 4(7DfiffifcttgffS(^w 

JiLTV^5<, ^^-^^-hyi'v'l 8 0G[*«(DiaS 

2 1 2©^tb^|x(cj;oTEiii$nfc«©i|x^S2 1 

3^*-r5„ i«icoiDi^^2 1 3oi£§i5}42vMcaa-r 

5o lt»'©K^S2 1 3CO^tt^tt}C*3V>T, ^i^^'^ 
^1 9 4<OJiffil 9 4 ci::j4ri5'f-^3i-^? l Q 6 ^i^S 

3i-^ 10 6^. ^tihW:^(DTi'f-=^3:--^ 1 0 6 i: 
LTfflV^SiidS&i LV\ T^=f ^^:^-~9 1 0 6 ti, 
4y^'^^ \ 9 4CO)|X,W^2 1 3C0±iijl 9 4 c©}5ff 

^*:(-iaB$*L5„ iR*^2 1 scD^ast-r v^tt^p 
1 8 immMc^^iz.^ < . -^' y^m^a i 8 7 d^b-f yi' 

9 4ro*--jg^^>2.}COti-C, 1|K«^2 1 3<D^ 

1 0 6 mm^ui^rmu^ y^m^u i s 

J£<. -f >-^ft|^P 1 8 7;*^b'l'^^'^^l 9 4®*-- 
[0 14 4] 4y!;\-i~. 1 8 7;!)^b»tti$ 

tb, ^^^s^^^An 1 8 5^^e)AS®r\ yfy^m^ 

n 1 8 7{|iJ®)Dl§^2 1 ^t^h-iy'^^—Y^) y'Jl 8 
0G®*(D^©R^^2 1 3-~i:'l'i^^;5StB»§^5„ 
#-||x.tt\ -rv^«l&ni 8 7i>:*fe3fiVM|X^^2 1 3© 
-fi^^^^Jg^^^X, -f ^-^'W^&P 1 8 7{^ftt>3ffVMR 

^^2 1 3cD•^>•^^cD7Kf4^5T:i5SoTV^5W, fficDitX^ 
^2 1 3(Ctt-r>'i5';5WcS:}xTV^5„ -fy^#t*&Rl 
8 7t^*fciaVMtZS^2 1 3©^y^!';55^H^S^^^<1- 
-i'>'i5'tt^p 1 8 7;4^p5l:;?:-C2#B(DJlK 
W^2 13(::'RAL. 2#BroJ|X^S2 l 3 rtra-r V^' 
d^?«»^ttM*T. 2#B(DJ|X»^2 1 3(75^>^CD* 
{4;ii5T*^i "9 5o ^ »B^p,^.-e\ ^-^ttl&S 1 8 7 

$tbTV^5„ r©J;5(-. -r^-^-^tl&P 1 8 7(c3fiv^iR 
^^2 1 3;a^f,]§VMK«^2 1 3--i:«i»fc:^^^^SM 

[0 14 5] roj;5!-. T^^3.ai-^ 1 0 6;5S^tx 
■^r'tl-roitX*^ 2 1 3 rrtCl-f 1 9 4«Jiffil 9 

4 c !::rE9PS^*3^^rgBS$^^rv^5«-r^^ t^^f-^-o:- 
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^1 0 6i4^>-^»©«^>^®pt6^(c;^ffl-f-5::t^5-e 

7^^e>llX^S2 1 3©*--■i:#'^r^C/^$</^oTV^5© 
T% T^f^r^a:-^ 1 0 6^5, -l'>^^'»»«<:J^?r^tli-r 

[0 14 6] 112 6 (B) (D-^-y^^— MJ :y v^l 8 0 

Hil. -Yv-^^^l 9 4(D±ffil 9 4 c;a^e)T;^l::®U5 
5-oroffiM2 1 2Srfl'i-5„ |iSM2 1 2coT«i:^v 

-C, ^i^^^^l 9 4(Dj£35t*aabTV>5„ ^>^';i7 
-by yi^l 8 0H}4fi|^2 1 2K^^X%m^flfc2 
S®lR»S2 1 3 aS.'052 1 3 b §r#^5, llKWS2 1 

3 a.mi2 1 3 bwfitpiisv^tciiii-rSo -o-^i^^ 

n 1 8 7«©l|X^^2 1 3 sKD-^mU^ y^W^^a 1 8 
7;i^f>I.T*©:^OllX«S2 1 3 bO^i^iJi^tV^., 
2 13b IK^^ 213a (Dm^LO^-^ 

[0 14 7] 1R^^2 1 3 b©Jiffil 9 4 ctrr^5^^ 
31-^ 1 0 6^Sg^§tb5„ Mfi. IR^^2 1 3 b!i 

mhx.6mTh6y<-yyr 2 1 4mm^fh?>o 02 6 
(B) (Ciol^-C. y<'yy7 2 1 4{i, -YV^^g^l 9 4 
(Dmmi 9 4 b;?)^lb±;^i-®0«S«i: LTffM^tvSo 

y 7 T 2 1 4 iiSLmm. 2 13b f^jCftA Ltc% 

m^mh^?>(D-C. -R^tclioTT^^^a:-^? 1 0 6 

5o t/t. Tr^f-^rt-^ 1 0 6 trljX*^2 1 3 b(D± 
ffil 9 4 c(^S(t5rt{:;J;i9. ^ i^^:r^T:^i^ K;as^ 

2 1 3 aXtD^yi'Om^VimiCMlt^L-fcm^^t^-f^ 
(C, JK$^2 1 3 b©§»^PiS2 1 2®ftSJ^MH^ 

mx.rc^i-^:Ltt£tlcj:^xmm-r6^t\cj:*)^ ^ 
y^-rs:-y mWft®M«^tg-r r t 

[0 14 8] gl2 6 (C) (1, 1112 6 (B) (D-(>^:f} 
- MJ y 1 8 0 I (Dl^mM2 13b K^1LMUU2 1 
6d5^±i$^xTV^So #?LKW2 1 6t4. I|KW^2 1 

3 b F^ro±ffi^^e>Tffi*-ero^^M^ffifeS J; 5 

^fuSo #7LKfl?W2 1 6 T^'^^nz-^ 1 0 6 t 
TLSV\ rtb^ST^'?"^:!^-^' 1 0 6C0m#Sj^?|^ 

e'-r^tgtt;i5fe5„ L;4^L. mi«^U2 1 6;6S«;t 
Fj^TV^ixil. ^^SrjtP)X.TT^^zL3i-^ 1 0 6 



(D^m<:^tmx'^i>, #?LSW2 1 6i-i&^mmf)'i 

/h$v^iR^S2 1 3!::^B-r5r Sfc, 
T^^rtai-^ 1 0 6?riR^W2 1 3 b(©_hffil 9 4c 

h ^^1^4 y^^y vvtmi^ ■^£?>-^x-(D4>-^ micm^ 
^Mf. mm-^x'^y^^mm-r^^ti'^x^^o m 

i-. It5t*^2 1 3 h(Dm&imm2 l 2(DM:^^?SM^ 

m^tc*)i-^^t^£ifKx^xmm-t^^t\cj:'o. ^ 

*>X^^o 

[0 1 4 9] El 2 6 (D) 1212 6 (C) (Dy(y^l3 
- by s/ V? 1 8 0 I <D#7LWW 2 16 :55?L=g©S/^ 5 
2 aS©#?LKSPW 2 1 6ASLtF2 1 6B{:;J;oT«jt 
i^tLTl^S^y^*- yv^l 8 0 J ^^-To #7LW 
|f|5«2 1 6Aii. #?LKgPW2 1 6B®_h:*^cSfl*$^^ 
TV^5„ _hfiiJ®#7LK§l5W2 1 6AC07L@}±, T«'JcO# 
?L«g|5W2 1 6B©7L^j;9:*:^v\ %L<!4, #?L« 
a« 2 1 6 Afi. #?LK§|5«- 2 1 6 B i 9 feMfrSI^Dtt 

^sffi:v^g|5|^-u-?fM^^5o ?LS©/^$v^#?LSfl5^^2 1 

6 B®*-;^i5?L^l®±tV^#?LK§|5«-2 1 6Aj;l9^tt«= 
)1X§^2 1 3 brtcD-f y^'^S^filJcD^ 
dl^g|SW2 1 6 Bi^mS>5, §ixS„ Lfc;iSoT, 

-*^^;a5r^9=-3.ai-^' 1 0 6 4t?5ijaLT-ry^« 
x4y^m^tm.m-r^zhim\\ r^^^^a^ 

1 0 6d^e5»l/^«ro#?LKW2 1 6B}C^y^;i> 

Ti^f-^ji-^ 1 0 eja^ra-r 
y\:°-^'y:^mt(DmihtffiA^<^£^. T^?' 

3.31-^ 10 6 ^IR^K2 1 3 b ©_hffi 19 4c {C^lt 
?>^tlcX<0. -fy^^T=ny}fi^i^m^tlX:^^ib^± 

1 3 b®^*^iiM2 1 2(DM^'^mm^mx.rz 

'0-t^:itf£}fKX^xmm-r?>ztlci:io . 4yi^=^ 
5„ 

[0 15 0] 1212 7i4, 1212 6 (C) \C^Lfc4yi^^ 

-vvyi^iso i(Dm(Dmmmmxh^-4y^-fi-Y 
V yi?i8 0K^m-tmmmx-h^o m27iz^-t4y 

^:b-hV ^yi^lSO (D^HW^U 2 1 6 ^HK^ 

#2 1 6CDTS15<7)*¥^lR]«»fffia^^ ^V^ig^l 9 

(A) CO'f'>:J'*-hys/-i^l 8 0K}4. #7L«g|5«-2 

1 6 ®T<o*-®7L«;avjs$ < 5 J; 5 {mm-T^tzmc 
mmicv -fimif ^tix\^^6o mmM2 1 6t§i5« 

4>'^(i^^«mu2 1 eri^^tm^hn. un^n 
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-by s/v^l 8 OK±ffi(cS«$ixfcT^fP^^-^ 1 

0 6!::-r>'^^5^^;^^oTV^L4v^, r^^'f^^Lin-^ 1 0 

[0 15 1] El 2 7 (B) RXJ^m2 7 (C) (73^ 

>'^':*-by s/i^i 8 0 L}*, #?LK§|5«2 1 eraTSP 

V^-t. ^^iJ'^^l 9 4(7)JSffi{Ctj'it-t#^(C/h$<)te 

^^^^^1 9 4®Sffio,:'7[Bll;ti^(tr#5*(:i/h^</<f;o 
TV^5„ #7LKW2 1 6Ttl5»?LS»ffi«$tb5:i^: 
/J^$<;Sorv^5cor^ ^yi^\-i^^snU2 

1 0 6*^?3SV^WO#?L«Sl5l4-2 1 6 Bcorai'-Oi^ 

T^Tf-3.a^-^5' 1 0 6ffif^«-|'^' 

18 0 LCO±ffil^S*$tVfcr ^9^^:^-^ 1 0 6 tr-r 
[0 15 2] 02 8(4. r{'^f'^3i--f 1 0 6^;f!l/^/c 

b y yz^(Dmcm(Dmmwm^^^-ro la 2 s 

(A) ^^;^7— b y 2/-^2 2 0 A{i, -1':/^'*— h 
y i/v^2 2 0 A«±ffi?5>e.T:^'-i:MU^~5j;5(-^(t55 
*xfc:^lcoPiS2 2 2Sr*-r?)o ®1»P«S2 2 2®T 
y^*-hy -;/-:^2 2 0A©fiffit(OM(::f4^S 

y 5/v?2 2 0 AWftffiSriiCT-r^^ft^n 2 3 
ATtSo ^i®pgii2 2 2<fci9-rv^#t^n 2 3 Offl 

U55J;5l-^2®|!HM2 2 4^5, Jl^^$tl.TV^5<, ||2 
©Rl^2 2 4®±St^yi!'*- h y s't?2 2 0 A±ffi 

i4. -l'>'^:»-hys/:^2 2 0Aro±ffi^jiC-r-rv^ 
«|&P 2 3 0--MAT'^5„ 
[0 15 3] miCOPi^2 2 2fCioT. ^V^|it|&p 

2 3 0^^f3|i.T. Si ©PBIi2 2 2c?)*»:i^(::^l COIR 
^^2 2 5 a^5JfM$*T.5„ S2»|Si^2 2 4(:: 
ioT. ^y^#ti^P2 3 0>4^P>l,T^2©ffi^2 2 4 

2 (DUmm 2 2 5 b ^55fM StbSo ^ 1 © 
IR*^ 2 2 5 a C0^»(±. ® 2 COlR^S 2 2 5 b 
i>9:^tV\ mi«PiM2 2 2S0S2(DPSIi2 2 4C0 



iCitJ. s6^K2 2 7^SjfM^tl5o Lfc;4SoT. ®1 
©IR^S 2 25 & (D^ly^\±. 2 2 7 »^|[Bf=y^ 

i^iip, ^W^2 2 7m*f5tt5„ 
^fa;SS^2©K5SS2 2 5 h^1^K-r^(O^V5}tt^Z. 
tifiX'^^o Sfcx ||2CDlR^^2 2 5 brtco-i'^^'CO 

0;i^bl.T. S 1 COlR-#^ 2 2 5 a (4. :S2<Z)lR-§S2 

2 5 b j;t3*i>lJfM$tvTV^S<Z)-r\ SlCDl|X-§^2 2 
5 aro-rVi5';55i^»$4xfc«, ^ 2 (DlR^S 2 2 5 b CO 

[0 1 54] -^'>'^;&-byy-^'2 2 0A<D^V^'#t|& 
P2 3 0{iro«a, ■ffAt>%B2(Di^^2 2 5h(Dy( 
V^ffe^P 2 3 OMcoWMlCtt. T^'^^ai-^ 1 0 6 
5iSg#$^TV^5„ T^^'^ai-^ 1 0 6(4, ® 2 ©iR 
W^2 2 5 bl*)©^y^©?»#t«l^1t*n-t5o T^t?' 
^ai-iS'lOe^. S 2 WlR«^ 2 2 5 b OtMtg* 

5^^^-^ 1 0 6 2 cOlR^S 2 2 5 b Wftil^JC:®* 
-rSi^ ^ ^^x. 5 r i: i:i i 9 . tV/:'li*,'S'C«-i' y ^ mm. 

So ^«=Sg2 2 7irj;oT^lcOlR§^2 2 5 aA^?5^ 
2CO)R*^2 2 5 b-'f V-i^^iSftl&^tiSr i:icj;i9, 
T^f-^J^-^' 1 0 6(4. V^'*- h y s/v'2 2 0 A 

r^^^^—^ 1 0 6(4. ^>'^ai:^»3l(csijs-et 
5o Ml-. ^'i=S§2 2 7^^ -^'>':i'Sr^*«Fi-5<o-C\ ^ 
V^iy'%2(r:>mMm.2 2 5 b ^^bB 1 rai|K^S2 2 5 a 

[0 15 5] •^'i^:?*— by s'->'2 2 0ACOJ:ffit[4. 
3Mlh#2 2 8;as^(t6tl-CV^5„ je±#2 2 8{Cj;o 
T. -fV^^-hy ■;/v?2 2 0A;5S«gtlLfci;tlr. 
'1'>'^'«s^'y^:*^^y -;,-:;?2 2 0 A^SBI-mS^Sr 
KCrt^sr-tSo Hie. jj*±#2 2 8^'f 
y -;/v>2 2 OAwJiffiic^g-rsr tr\ 4y^(r)4^y 

^ts~ Y V -yi^2 2 0At)>h<Dm^^P5<:^tr^X'^ 
5o -(y^^~hVyi^2 2 0AfH(D4yi'ff^m^fl 

-rViJ':*- h y y-:;'2 2 0 Art(DAjEE:d53j«[ih#2 2 
8©JE;^;^e;t5t. jt±#2 2 8;6S5gv^-c. ^-y^* 

y ^5^2 2 0A(r^M^®AL. ^W^MCT-fV 

- b y 2/:^2 2 0 Ai^(Dffi:^^-g{c:^#-f 5, 

[0 1 5 6] 1112 8 (C) RXf (D) }4. 3tJh#2 2 8 
<7)Prffl»®fffi^*-r„ 0 2 8 (C) cDj^ih# 2 2 8 t4. 

=i'Mzi.'omm^nrzm§:2 3 2 a?r*-r5#2 32^ 
#-r5„ -r^^i?*- h y 2 o«^fpfccDa^?L2 

3 3;as. ggS2 3 2 a(C*j-[R]L-t-f i^^:*- h y yS?2 
2 0^::Klte3^^5„ 35162 3 2 a t ioT. ^-^712 3 
3)55. mm^tl^o jt±#2 2 8(4. 4yi^yf}~V'J-y 
i?2 2 OfH<D4 y^t^WJ^L.. -iiyi'lo—V^) y'y22 
0F^®Affi;SSj^±#2 2 8co|±;^;^Sx.5t. 5^«2 3 
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2 8 (D) ®3^Jh#2 2 8(4, =fJ>.iCi.r)^f^^tifc^ 
2 3 2 i:/^^- 2 3 5 i: Sr*-r5„ 3tih# 2 2 8 ti, >■ 
hV yiy2 2 OF*3«:^J£^S3t±#2 2 8(DBt)^ 
i8x.5t. #2 3 2^5^ /^-^2 3 S^JfiELTligr. ^ 

tlPflCT-^-V-^^-hy 3'v?2 2 OrtcDAff^-€!-fS 

[0 15 7] 13 2 8 (B) (D^y^:f}~ MJ ^5^2 2 0 
Bi4, 02 8 (A) ro^>'^;»-h y S'v'2 2 0A[Cd3 
V ^-C jt?-lfc# 2 2 8 Sr^tj- «9 sen 1 »i|X^^ 2 2 5 

a('#7LKgW2 4 2^Sa*Lrv^5c #?L«W24 

2 ^ b y y 2 2 0 B rt® ^/.^ ^fs^t-r 
5 1 ^>-^;&-hy->v=220B ^fimmtiLtc t 

tlz, -{y^iUy^A—hV y'y2 2 0B(on-n^ 

[0 15 8]J^_h. ^-rV ^yi^\cm^^ti?>. ^^Vy 

i^tWWiD-fy^^-h'J ^/v?(c*3v^r. -rv-^^-h 
y yv'xtt^-r y s/v^icT^f-z^o:--^ 1 0 6 
5®•^^i-o^,^-rj^-<fc^s, ^^y s/v^t-f*:{t:^ti. ^ 

^y^^y^lcT^'f-^^s:--^ 1 0 6^g«LTt>i 
y^^y^xcr^^^a::.-^ l o 6^S#LTfcJ;v\ 

[0 15 9] ^_h, *«PJ^^M<0JF^^^ffli^-rmB^L 

[0 16 0] 

^•)]-v^)v-j\i.. <itm\m-&-^^. w.m-m^<o^ 

[HI] T^^^^^^n-^ 1 0 6COf#B^/T^-ri21-efc5„ 
[g|2] T^9^^:ii-i5? 1 0 6»Jijat5itF^CD^ffi[Hl 

[g|3] Ay^(rym^hr^^=>-:^-9 1 0 eicioT 

5„ 

[0 4] T^^^o.-^ 1 0 6 (Diffi^BM^KJI^^^-rS 



[0 5] r^^a.:s.-^\^<6(nm,(o%wmk^-tm 

[06] 05(::*LfcT^'9^3.Ji-^ 1 0 60-§|55J'© 

[07] 0 6i::/]^Ufcr^9=-3.^— ^ 1 0 6 <Z)^f*<Z)|lf 
ffiSr*-r0T&5„ 

[0 8] 0 5i::*Lfcr:J'9=-^a-^ 1 0 6 

[0 9] *^?iw^v^'*-hy y^^raSfc-fifecD^li?!? 

ffi^*1-0T&5„ 

[010] WMl 1 c OteroSl*J]^^^;^i-0T'fc-5„ 

[011] ri'^=^3L^'^6 6 0(oii!a,(Dmmmm^^^'t 

0- efc5o 

[012] T ^ 'f.^:^-^ 6 7 0 ©Mfi'fth.ro^Jifl^^i^ 

^^■t-0-efc?>„ 

[013] ^v?aL-/Vfl£l 0 O^^-r)^ffi0r'fo5„ 
[014] 0 1 3 Lfc^v^oL— 100 coffif^^ 

s^1-5^«0r'&5„ 

[015] ^v?aL-/vfl£i 0 0 (Di&(DmMMm^^-rm 

[016] 0 1 Od^Lfc^v^^— /Vfrl 0 ocdWeS^ 
[017] ^v:'^-/H*l 0 OcoSf^fficD^JfeJl^lgSr* 

1- 0-efc5„ 

[018] mi aKmL-fcei^^—zui^i 0 0^4 yi' 
WIS 1 (rS«LfcifffiroMSrS^i-0T'fe5„ 

[019] ^':>?3.-/u#:i 0 0 (D^i,m<ommmm^7f^ 

[0 2 0] ^>?^-/H^l 0 0©MiCffi©*JSJ]^«i^^ 

-r0-e&5<, 

[02 1] 01*Dj;O!02lC*LfcT^f-;=La:-^ 1 0 

[022] ^y^z^:r.y MSSSeroPtt^^-rST'fo 

[02 3] 0 2 2i;i^Lfc-Y Vi^*— hyj/v^lBOO 

flfe©*Wffi^^1-0-efe5„ 
[02 4] -rvij'^-hy s/-i?i 8 0(Dmm(r)mmm 

[0 2 5] -fv^^ft-hy yi;'i 8o<Dmcm(ommm 

[02 6] 4y9t>— V y s/v^i 8 0 coMKj&commw^ 

[0 2 7] 02 6 (C) (C^Lfc^i^i^;*- h y 5'V?1 

[0 2 8] ^e?3.-/v#:i 0 Otrffiv^/c-f ^'ri':*- h V 

1 • • -mm 
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